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Abstract 
The Middle and Upper Devonian (Givetian-Frasnian) shallow-water carbonate facies of western 
Europe were deposited as a large-scale transgressive succession over continental facies of the Old 
Red Continent. The transgression was in a northerly direction, reaching the southern Ardennes by 
the lower Eifelian and the Aachen area of Germany by the middle Givetian. Carbonate 
sedimentation continued through to the middle Frasnian, when a major pulse in relative sea-level 
rise drowned the platform. 
The carbonate platform had a complex internal structure, with three major palaeosettings. During 
the Eifelian, a storm-influenced homoclinal ramp existed over much of the Ardennes. 
Sedimentation was mostly open-marine in nature, with a protected back-ramp and tidal-flats. The 
Givetian saw a transition from a ramp to shelf setting, with stromatoporoid reefs at the shelf edge 
providing protection for a broad shelf lagoon. The shelf had an ESE-WNW trend and extended 
from Boulogne (northern France) in the west to Aachen (western Germany) in the east. East of 
the river Rhine in the Rheinisches Schiefergebirge area of Germany, and in Southwest England, 
isolated carbonate complexes developed. These were positioned either on the shelf-edge, within 
the shelf or upon topographic highs within the basin. Synsedimentary tectonism and volcanism 
strongly influenced their development. 
As a result of their areal extent, lagoonal environments were studied extensively in shelf and 
isolated complexes. Palaeontology and sedimentology were used to identify 14 major microfacies 
within the lagoonal successions, which could be broadly categorised into four major groups. The 
semi-restricted subtidal microfacies group has a rich faunal assemblage which, although diverse, 
did not represent fully open-marine deposition. Sedimentation was entirely subtidal in nature. 
The restricted subtidal microfacies group is either characterised by monospecific fossil 
assemblages (chiefly molluscs or amphiporoids), or by macrofossil-poor facies. These facies 
represent poorly-circulated, subtidal environments which may have been subjected to fluctuating 
salinities. The intertidal microfacies group is characterised by fenestral limestones, which are 
commonly poorly-fossiliferous. Finally the supratidal microfacies group is typified by 
dolomudstones, microbial laminites and calcretes. 
A metre-scale cyclicity is prevelant in these lagoonal facies and two major types of cycle have 
been identified. Subtidal cycles show a decrease in circulation, decrease in diversity of organisms 
and increase in fluctuation of salinity upwards through the cycle. Peritidal cycles shallow 
upwards from a subtidal base through to an intertidal or supratidal cap. Subtidal cycles seem 
particularly common within the isolated carbonate complexes, yet both peritidal and subtidal 
cycles are identified in the shelf lagoon. The distribution of facies and cycles was controlled by a 
complex interaction of eustasy and differential subsidence. The setting (i.e., whether it was the 
shelf lagoon, or isolated carbonate complex) also influenced this distribution. 
Fischer plots were used successfully to correlate successions across the carbonate platform, and 
to identify areas of condensed or expanded sedimentation. Cycles were calculated to have a 
duration of approximately 42,000 years for the Upper Givetian. The magnitude of relative sea-
level change was in the order of l-3m. The development of the metre-scale cyclicity is best 
explained by orbital forcing, yet this signature has been overprinted by autocyclic and tectonic 
noise. Third-order eustatic sea-level fluctuations were delineated by major marine transgressions, 
and a eustadc sea-level curve was established for the study area. 
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1. Introduction 
1.1 Aims of study 
The Givetian and Frasnian shallow-water carbonates of western Europe were deposited in 
three distinctive palaeosettings. Initially, the carbonate platform had a ramp geometry on 
which deposition ranged from open-marine outer ramp facies to restricted intertidal facies. 
The middle Givetian saw the transition from a ramp to shelf geometry. In northern France 
stromatoporoid reefs developed along the shelf-edge enabling a broad shelf lagoon to 
develop in the Belgian Ardennes-Aachen-Eifel area. Farther east in Germany and in 
Southwest England isolated carbonate complexes with central lagoons (atolls) developed. 
Previous work on the Givetian and Frasnian carbonates has concentrated mainly on their 
palaeontological and broader sedimentological aspects (e.g., Lecompte, 1970; Krebs, 
1974; Burchette, 1981). However, more recently there has been an increasing interest in 
the lagoonal facies in terms of detailed facies analysis (e.g., Preat and Mamet, 1989) and 
preliminary studies into the metre-scale cyclicity which are so pervasive in these 
sediments. These studies, however, have mostly been developed on only a very local scale 
or even on a single exposure. Comparisons between the lagoonal facies seen in the 
different palaeosettings are lacking in the literature, and there has been only tentative 
investigation into the mechanisms which may be producing the cyclicity. 
Therefore the aims of this study are to: 
i) present detailed sedimentological studies of the lagoonal facies exposed on the shelf 
and isolated platforms and to produce a composite microfacies scheme applicable to both 
palaeosettings, 
ii) present detailed sedimentological studies of the ramp setting to produce a ramp 
microfacies scheme, 
iii) use microfacies analysis to characterise the types of metre-scale cyclicity and to 
determine the development of the carbonate complexes with respect to relative sea-level 
fluctuations, 
iv) make comparisons between the shelf lagoon and isolated complexes in terms of facies 
and cycle distributions, 
v) determine the mechanisms causing the cyclicity, 
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vi) produce a sea-level curve for the Middle and Upper Devonian. 
1.2 Techniques used 
Choice of localities 
The fieldwork for this study was undertaken in four separate field seasons: September 
1994, February 1995, May to August 1995 and July to September 1996. Initial help in 
September 1994 was provided by Alain Preat at the University of Brussels, where he 
introduced the Devonian stratigraphy of the Belgian Ardennes and suggested some 
potential outcrops to study. A one-week field season in February 1995 was then spent in 
Southwest England where Colin Scrutton provided information on suitable outcrops. The 
two major field seasons were completed in the summers of 1995 (Germany) and 1996 
(Belgium/France). All information about suitable outcrops to study was derived from the 
literature and geological maps^and use of correct lithostratigraphy was accepted therein. 
Most exposure in the study area occurs in either abandoned or working quarries; there is 
very little natural outcrop of the Devonian carbonates. Therefore, the ability to study 
suitable outcrop was determined by whether access could be gained to the working 
quarries, or by the state of the present-day exposure of abandoned quarries (since many 
either had completely overgrown or were now land-fill sites). The choice of locality was 
also determined by the degree to which the facies had been dolomitised and by the degree 
of structural discontinuity since it was important to construct as continuous a sedimentary 
log as possible for the study. 
Sedimentary logging techniques 
Field sedimentary logs were constructed at a detailed 1:10 scale. Thorough descriptions of 
the rocks were made including bed thickness, bed-thickness variation, colour, sedimentary 
structures, composition, faunas (including size, shape, amount of abrasion, orientation and 
identification), and textural classification (using both Dunham (1962) and Folk (1962) 
schemes). Photographs were also taken. The exposure of successions was variable; 
therefore, different sampling regimes were needed. If the succession was very overgrown 
or lichen-covered a dense sampling regime was needed, whereas where there was superb 
exposure, fewer samples were collected for thin-section analysis. Samples were collected 
both for facies analysis and fossil identification. 
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Appendix 2 presents the detailed sedimentary logs for the study area, which encompass 
both field observations and thin-section interpretations. 
Thin-section descriptions 
549 thin sections and acetate peels were studied for this thesis. Full petrographic 
descriptions were made following the methodology presented in Appendix 1. The samples 
were classified on a textural level using Folk (1962) and Dunham (1962) schemes, and 
were further classified using the microfacies scheme presented in Chapter four. For full 
details on thin-section descriptions and the approaches used, the reader should refer to 
Appendix One. 
Microfacies approach 
Many microfacies schemes for European Devonian lagoonal carbonates have been 
presented in the literature in the past few decades (e.g., Krebs, 1974; Preat and Mamet, 
1989). Initially this study used the scheme discussed by Preat and Mamet (1989) in which 
13 microfacies were identified, ranging from open-marine, through to lagoonal and 
supratidal deposits. However, this microfacies scheme was incomplete since there were 
facies present in the field and thin section which did not 'fit' into the scheme. This 
microfacies model covered only the Belgian shelf lagoon; therefore, it was imperative that 
a composite microfacies scheme was produced covering all lagoonal facies present in both 
the shelf lagoon and isolated platforms. The microfacies scheme and consequent 
depositional model was derived from field observations and thin-section information and 
is discussed in Chapter 4. 
Cycle analysis 
Once all the field observations and thin-section data had been collated, the microfacies 
could be used to characterise the metre-scale cyclicity which is so pervasive in the 
lagoonal sediments. Cyclicity was determined by assessing the vertical stacking of 
microfacies in the successions. The base of a cycle was identified from the initial 
backstepping of a less restricted facies-type over a more restricted facies-type. Cycles 
could therefore be either transgressive-regressive or wholly regressive. Fischer plots were 
then constructed to identify any trends in cycle thickness which could be a result of 
longer-term relative sea-level fluctuations. These cycle stacking patterns are a potential 




Several key words are used throughout the thesis which have, in the past, had rather 
ambiguous meanings. This Section clarifies the nomenclature used in the following 
Chapters. 
Carbonate platform This thesis will follow the definition presented by Tucker and 
Wright (1992) where a carbonate platform constitutes 'a thick sequence of mostly shallow-
water carbonates'. This general term encompasses carbonate ramps, rimmed shelves, 
isolated platforms and epeiric platforms (the last not present within the Devonian of 
western Europe). 
Carbonate ramp A carbonate ramp is considered to be a gently dipping slope on which 
shallow-water facies gradually pass offshore into deeper, mud-dominated facies. There is 
no abrupt break in slope and barrier-reefs are absent. Homoclinal (gentle dip) and distally-
steepened ramps are differentiated (Tucker and Wright, 1992; Fig. 1-la). 
Shelf A rimmed shelf is a shallow-water platform with a distinct break in slope to deeper-
water environments (Tucker and Wright, 1992). The break in slope, or shelf-margin, is 
usually rimmed by either barrier-reefs, or oolite shoals, or both. This marginal rim 
provides protection from turbulent waters so that a landward lagoon can develop (Fig. 1-
lb). 
Isolated platform Burchette (1981) defined an isolated reef complex as 'an organic 
buildup which developed upon submarine elevations within shelf areas or basins and was 
isolated from direct input of terrigenous sediments'. Two types can be distinguished: reef 
mounds without lagoons (table reefs) or atolls with central lagoons. Both of these isolated 
platforms are surrounded by deep sediments, yet with an atoll differentiation can be made 
between fore-reef, reef-core and back-reef facies (Fig. 1-lc). 
Reef complex This term is considered to embrace the fore-reef, reef-core, and back-reef 
facies. Inter-reef or basinal facies are not included (Fig. 1-lc). 
Reef This term is restricted to rigid, wave-resistant structures which had topographic 
relief above the adjacent sea-floor and were constructed of a framework of organisms 
which show some zonation consequent upon their near-surface position (Braithwaite, 
1973). 
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Figure 1-1 Schematic diagrams showing the geometries of carbonate platforms in the study area, a) 
carbonate ramp b) rimmed shelf c) isolated platform. 
Lagoon The term lagoon refers to the area behind a barrier reef or sand-shoal, which has 
protection from the turbulent zone (Fig. 1-lb). A lagoon can be 'open' where the barrier-
system is poorly developed and the lagoon is subjected to wave and tidal motions. Or the 
lagoon can be 'closed', where there is poor circulation, low-energy deposits, hyper- or 
hyposalinity and a highly restricted faunal diversity. The lagoon at its shoreline can have 
an extensive tidal-flat area where intertidal and supratidal facies are deposited. The term 
back-reef is used synonymously with lagoon. Playford (1969) suggested use of the term 
'platform interior' to reflect a restricted lagoonal environment. However, that 
nomenclature will not be used in this thesis. 
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Bioherm This term describes small, lensoid, biogenic buildups which are laterally 
impersistent (Cummings, 1932). 
Bank Playford (1969) defined a bank accumulation as 'a deposit composed of skeletal or 
non-skeletal carbonate material that accumulated topographically higher than the 
adjacent sea floor, and in which reef growth was essentially absent.' 
Study area The study area encompasses areas in Belgium, France, England and Germany. 
An East-West outcrop belt in the Belgian and French Ardennes (from Valenciennes in the 
West to Wellin in the East), the Aachen and Eifel areas of Germany expose the Middle 
and Upper Devonian shelf lagoon. The Torquay area of Southwest England, and Brilon, 
Balve, Dornap, Attendorn and Langenaubach areas of western Germany expose Middle 
and Upper Devonian isolated carbonate complexes. 
Cycle A cycle can be defined as 'a sequence of sediments which change their character 
progressively from one extreme type to another followed by a return to the original type' 
(Whitten and Brooks, 1972). Carbonate cycles commonly show shallowing-upward trends 
where deep-water facies are overlain by shallower facies. Cyclicity can occur on many 
scales from tens of centimetres to hundreds of metres. 
Parasequence This term was first used by Van Wagoner et al. (1987) to describe 'a 
relatively conformable succession of genetically-related beds or bedsets bounded by 
marine flooding surfaces and their correlative surfaces Parasequences are 
progradational and therefore the beds within parasequences shoal upward'. Therefore, a 
parasequence is essentially another term for a shallowing-upward cycle. 
1.4 Outline of thesis 
Chapter one: Brief introduction to the thesis, including aims and objectives of the study, 
methodology and explanation of the terminology. 
Chapter two: Introduction to the study area. The biostratigraphy, dating and 
lithostratigraphic terms for the Devonian are discussed, with a brief overview of the 
regional scale geology, palaeoclimatology, and plate tectonics. 
Chapter three: Introduction to the principal faunas and floras in the back-reef and 
lagoonal environments of the Middle and Upper Devonian of western Europe. Two major 
groups of fossils are discussed in detail: stromatoporoids and calcareous algae. The 
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foraminifera, ostracodes, calcispheres, corals, brachiopods and molluscs are only briefly 
described. The likely habitats of each of the fossils are discussed in detail so as to 
construct a broad palaeoecological model for the Devonian environments. 
Chapter four: Description and interpretation of the carbonate microfacies identified in the 
study area. Two microfacies schemes are presented, encompassing both the ramp and 
shelf facies. Macroscopic and microscopic aspects of the carbonates are described and 
likely depositional environments are proposed. 
Chapter five: Large-scale evolution of the carbonate complexes. The carbonate 
complexes (broad shelf lagoon and individual isolated complexes) are discussed with 
respect to their development, demise, shape, size, tectonic and volcanic influences, facies 
and cyclicity. The lagoonal environments are the main facies of interest, but reference is 
made to the carbonate complexes as a whole where appropriate. 
Chapter six: Discussion of the relative sea-level fluctuations in the Middle and Upper 
Devonian. Chapter six includes an overview of the controls on carbonate deposition, and 
then discusses in full the major types of metre-scale cyclicity in the study area and how 
they are distributed. Fischer plots are constructed to aid correlation between successions. 
The magnitude and duration of cycle are estimated and the mechanisms which may be 
producing the cyclicity are presented in detail. Finally, a eustatic sea-level curve for the 
Middle to Upper Devonian is constructed. 
Chapter seven: Brief discussion and summary of conclusions. 
Appendix one: Tabulation of thin-section descriptions. 
Appendix two: Detailed sedimentary logs encompassing both field and microscopic 
information. Logs are drawn at a 1:55 scale. 
Appendix three: Tabulation of cycle-thickness data. 
Enclosure One: Photomicrograph atlas 
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2. Biostratigraphy and regional geology 
2.1 Biostratigraphy and radiometric dating 
In the Devonian both biostratigraphy and radiometric dating has been used to construct a 
chronostratigraphic chart. Graptolites, goniatites, tentaculitids, brachiopods and conodonts 
have all been used biostratigraphically for correlation (Johnson et ai, 1985; Oliver and 
Chlupac, 1991). Conodonts, however, are probably the most useful of the five: they are 
not as sensitive to changes in facies and they cover the whole of the Devonian period 
(unlike the goniatites which are absent in the oldest Devonian rocks, and the graptolites 
which do not occur post-Lower Devonian (Johnson et al, 1985)). Conodonts are also 
abundant and, being from pelagic organisms, have potential for high-resolution 
biozonation worldwide. 
The Devonian is divided into three series (the Lower, Middle and Upper Devonian), and 
seven stages (from oldest to youngest: Lochkovian, Pragian, Emsian, Eifehan, Givetian, 
Frasnian and Famennian). As with many of the periods in geological history, the Devonian 
has undergone several revisions with respect to stage terminology and dating. These 
changes are inevitable as knowledge increases and dating techniques improve. The 
Subcommission on Devonian Stratigraphy was set-up in 1973 when it proposed to define 
the Devonian series and stages in order to establish, for the first time, a standard for 
worldwide correlation. The most recent stratigraphic column is presented in Figure 2-1 
(Oliver and Chlupac, 1991). This combines the results of conodont workers (Lower 
Devonian by Klapper and Johnson (1980), Eifelian by Weddige (1977), Givetian and 
Upper Devonian by Ziegler (1979)); ammonoid workers (chiefly House (1988), but with 
the recent revision of Chlupac and Turek (1983)); graptolite zonal modifications of Jaeger 
(1988); and the tentaculite zonation of Alberti (1979). Radiometric dating of the Devonian 
still remains rather poor, therefore a combination of biostratigraphy, radiometric dating 
and common sense is needed when assigning absolute ages to stages. When radiometric 
dating first became popular, the Devonian was estimated as having a duration of 50Ma 
(395Ma to 345Ma, Friend and House, 1964). These dates were further substantiated by 
statistical techniques performed by Gale et al. (1979) giving the start of 
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Figure 2-1 Stratigraphic column to illustrate the standard Devonian succession of series and stages, 
and their relationship to conodont, graptolite, ammonoid and dacryoconarid (tentaculite) zones (from 
Oliver and Chlupac, 1991). 
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the Devonian at 394Ma and the end at 345Ma (Dineley, 1984). Fission-track data and 
analysis of acid volcanics by Odin (1982), however, gave quite a different duration for the 
Devonian (411Ma to 360Ma). More recently Fordham (1992) has used the approach of 
graphic-correlation analysis, calibrating conodont zonations using high-precision U-Pb 
zircon dates supplied by Tucker et al. (1990). This gives the duration of the Devonian as 
408.5Ma to 354Ma (Fig. 2-2). Ebert and Tucker (1997), however, used bentonites in the 
Appalacian Basin to date the Silurian/Devonian boundary at 417Ma. House (1995a) 
reflected on radiometric data which had been produced in the last decade and suggested 
that an average should be made of the available reliable data so that at least an estimate for 
the duration of the Devonian could be approached. An average of 47.1 Ma was 
ascertained; however, this still does not solve the conflict of when the Devonian started 
and ended, let alone the duration of series and stages within the Devonian. This is clearly 
an area where more research needs to be done, or different approaches need to be used. 
The Givetian and Frasnian are the main focus of interest in this thesis. As the study area 
covers a large area (from Southwest England, through northern France, southern Belgium 
and extending eastwards into western Germany), lithostratigraphical terms vary. Figure 2-
3 presents a composite biostratigraphic and lithostratigraphic chart for the study area. As 
the Devonian is a well-researched period, once again lithostratigraphic terms have varied 
through the decades. The lithostratigraphic terms which this thesis will follow uses the 
most up-to-date information available. The terms for Southwest England are derived from 
a succession at Newton Abbot (near Torquay) which is documented by Selwood et al. 
(1984) for the British Geological Survey Memoir. A number of sources were used for the 
Belgian successions. Bultynck et al. (1991) provide excellent detailed descriptive work 
and lithostratigraphic charts for the Middle Devonian of both the northern and southern 
parts of the Dinant Basin. For the Upper Devonian (Frasnian), Blieck et al. (1988) was 
consulted. The German lithostratigraphic nomenclature appears to be a little more 
complicated. Many terms are used by different authors for the same rocks units, and so a 
combination of Johnson et al. (1985) for the Eifelian, Givetian and Frasnian, and Krebs 
(1974) for the divisions of the Massenkalk was used. 
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Figure 2-2 Time-scale for the Devonian using conodont biostratigraphy and radiometric dating (from 
Fordham, 1992). Lochkovian to Pragian chronostratigraphy of Ziegler (1971), Emsian to Famennian 
chronostratigraphy of Johnson et al. (1985). Tie points are supplied from Harland et al. (1990). 
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2.2 Regional geology 
This Section aims to give some background into the geological development of western 
Europe, concentrating on Southwest England, southern Belgium, and the Rhenisches 
Schiefergebirge area of Germany. Styles of sedimentation, palaeoclimates, 
palaeoreconstructions and the overall structural development of the area will be discussed 
from the Pre-Devonian through to the Lower Carboniferous. 
2.2.1 Pre-Devonian 
During Silurian times the study area was located on the western edge of the 
Baltica/Avalonia plate (collectively known as Balovia) (Fig. 2-4) (Scotese and McKerrow, 
1990; Torsvik et al., 1993; Torsvik et al., 1996). The latitude of Avalonia/Baltica at this 
time is still open to much debate. Kent and Van der Voo (1990) suggested 20°S at the 
Silurian/Devonian boundary. Torsvik et al. (1990), however, suggested that during the 
Silurian Baltica and Avalonia were in fact separate continents, with Avalonia at 30°S and 
Baltica on the equator. However, in a more recent publication, Torsvik et al. (1996) 
suggested latitudes of approximately 15°S for the Baltica/Avalonia continent and that by 
this period in time the continents had sutured. The w orld maps of Scotese and McKerrow 
(1990) suggest that Avalonia/Baltica was positioned at around 25°S. This small selection 
of palaeolatitudes for the end Silurian reflects the extent to which palaeomagnetic data are 
used to reconstruct the continents, and how a consensus is needed. 
To the north of the Avalonia/Baltica continent the lapetus Ocean still remained open, 
providing separation from the Laurentian palaeocontinent (which included Scotland, 
Northwest Ireland, Greenland and Alaska). Much of the tectonic history of the Silurian 
was concerned with the closure of the lapetus ocean. This closure was probably instigated 
in Norway (Scandian orogeny) as early as 425Ma (Torsvik et al., 1996); however, it was 
not until the Middle to Late Devonian when final suturing occurred (Torsvik et al., 1988). 
This closure gave rise to the formation of the Caledonides of Scotland and northern 
Britain. The landmass which formed by the collision of Laurentia and Baltica/Avalonia was 
known as the 'Old Red Sandstone' continent or 'Euramerica'. 
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Figure 2-4 Middle Silurian palaeoreconstruction of Torsvik et al. (1996). SCB = South China Block. 
Silurian lithofacies of Baltica/Avalonia suggest the entire continent was positioned within 
the 'carbonate belt' (Witzke, 1990). This accounts for the thick mixed carbonate-clastic 
successions seen in Scandinavia, and the presence of evaporites in the Timan and Baltic 
areas (Witzke, 1990). In the study area Silurian rocks are generally covered by younger 
deposits. House and Selwood (1964) noted the presence of Silurian hmestones near 
Portloe Cove in Devon. However, most of Devon and Cornwall lay on the fringe of the 
Caledonides (a land area named Pretannia; Bassett et al., 1992) and experienced mOd 
deformation, uplift and erosion during the Silurian (Burchette, 1981; Bassett et al., 1992). 
2.2.2 Lower Devonian 
The Lower Devonian encompasses the Lochkovian, Pragian and Emsian (Fig. 2-1). Its 
duration is approximately 22.5My (Fordham, 1992). However, more recent radiometric 
dating by James Ebert (pers. comm. 1997) suggests an extended duration of 26My. The 
Lower Devonian is probably best known for its expansive deposits of Caledonian molasse 
known as the Old Red Sandstone. 
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Strike-slip and compression were the main tectonic regimes during the Lower Devonian as 
Baltica/Avalonia continued to be obliquely subducted below the Laurentian margin 
(McKerrow, 1988). Laurentia was fixed on the equator, and during the Lochkovian 
southern Britain was thought to have been at latitudes of 30°S, and by Emsian times at 
25°S (Scotese and McKerrow, 1990; Torsvik et al., 1996). This reflects the northwesterly 
propagation and rotation of the Baltica/Avalonia plate underneath Laurentia. Latitudinal 
velocities at this time were thought to be in the order of 8-lOcm/year (Torsvik et al., 
1996). 
The Lower Devonian Old Red Sandstone of southern Britain, northern Belgium and 
northern Germany accumulated as a thick clastic wedge between the developing continent 
in the north (Caledonides) and the expanding Rheic Ocean in the south (Allen, 1979). The 
study area was positioned in what is termed the northern external zone of the Hercynian 
'geosyncHne' (Burchette, 1981) which experienced mild uplift and erosion during the 
Silurian followed by strong subsidence and creation of accommodation space in the 
Devonian. 
The extent of the Old Red Sandstone Continent varied throughout the Devonian, but 
during the Lower Devonian it was thought to include much of Britain, Scandinavia and 
America (Fig. 2-5; Witzke, 1990). In fact, South America appears to be the only area 
without an extensive Devonian continental record (Dineley, 1984). 
Equator 
Inferred continental margin 
during maximum marine 
onlap 
lonokm 
Figure 2-5 Likely palaeogeography for Early Devonian Euramerica (Lochkovian to Emsian). The 
shaded area indicates the extent of the land mass, A indicates mountains (adapted from Witzke, 
1990). 
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The Lower Devonian Old Red Sandstone of the British Isles represents for the most part 
alluvial and lacustrine associations (Dineley, 1984). It outcrops in many parts of Britain, 
especially in the Welsh borderlands (Wright and Marriot, 1996b), South Wales (Allen, 
1979; Owen, 1995), Midland Valley of Scodand (Anderton et al., 1985; Haughton, 1989; 
Smith, 1995), and also the Dingle and Sherkin Basins of southern Ireland (Anderton et al., 
1985). In all areas the majority of sedimentation is of a fluvial/ alluvial nature. The Midland 
Valley of Scotland displays thick successions (up to 9km) of Old Red Sandstone which 
were deposited in fault-bounded sub-basins (Armstrong and Paterson, 1970; Haughton, 
1989). This deposition has been attributed to alluvial fan development, where 
conglomerates, sandstones, muds and volcanics show broad coarsening-up cycles that 
have a tectonic signature (Haughton, 1989). The source of these sediments was likely to 
have been the active basin-margin fault escarpments. Smith (1995) also suggested that the 
Old Red Sandstone sediments and volcanics of the Midland Valley were deposited under 
sinistral strike-slip regimes in the Lower Devonian. 
The Lower Old Red Sandstones of Central and South Wales comprises a 2km thick 
succession of muds, sandstones and conglomerates which are mainly fluviatile in nature 
(Allen, 1979). These sediments were once again sourced from the Caledonian uplands in 
the north (Allen, 1979). Calcretes are a common feature within many of the Welsh 
successions (Wright and Marriot, 1996a) and it is suggested that the Old Red Sandstone 
calcretes formed under a semi-arid climate with a strong seasonal moisture regime 
(Woodrow et al., 1973; Wright and Marriot, 1996a). In the Welsh borderlands 
Lochkovian successions show rare incursions of brackish water faunas (Barclay et al., 
1994). Wright and Marriot (1996b), however, disputed these marine incursions since there 
were no characteristic sedimentary structures (i.e., estuarine tidal facies) suggesting a 
marginal marine facies. Further south in Devon and Cornwall the Lochkovian nonmarine 
Dartmouth Slate can be seen in Southeast Devon, suggesting the palaeoshoreline was 
south of this region (Bluck et al., 1992). Clastic rocks of Pragian and Emsian age in 
Southeast Devon are neritic in nature (House and Selwood, 1964; Richter, 1965; 
Burchette, 1981), suggesting a marine transgression over this area and movement of the 
palaeoshoreline in a northwards direction (Bluck et al., 1992). 
The Lower Devonian sandstones of the Rhenisches Schiefergebirge area were mainly 
marine in nature (Wunderlich, 1970; Goldring and Langenstrassen, 1979; Kasig and 
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Wilder, 1983). These facies formed a belt which bordered the majority of the Old Red 
Continent (Fig. 2-5). Open shelf and near-shore elastics were deposited on a relatively 
gently dipping ramp which had no significant break in slope (Goldring and Langenstrassen, 
1979). Compared to the distinctive Old Red Sandstone continental facies, the shoreline 
facies do not have many distinguishing features, and often it was difficult to tell if it was 
even Devonian in age. The rate of/^\sediment input was very high (approximately 
30cm/1000years), and this coupled with high subsiden^ rates led to extremely thick 
successions being deposited (5km in the Eenncaifd'Siegen Troughs) (Goldring and 
Langenstrassen, 1979). Brachiopod and bivalves were the dominant faunas in these 
environments, and there are also very well preserved ichnofabrics. 
In the southern Rhenisches Schiefergebirge area basinal sediments were being deposited 
during the Lower Devonian (Pragian to Emsian) (ICrebs, 1979). The Hunsriick Shale 
basinal sediments were very localised and represent the oldest Devonian basinal sediments 
in the Rhenisches Schiefergebirge area (Krebs, 1979). 
The Lower Devonian of the Dinant Basin in Belgium is a purely terrigenous regime of both 
continental and marine deposition (Tsien et al., 1977; Milhau et al., 1989). Clastic material 
was sourced mainly from the northern Caledonides; however, small land masses within the 
basin (Franco-Alemannian, Rocroi, and Stavelot islands) were also very localised sources 
of sediment (Tsien et al., 1977). Sedimentation was once again rapid and a broad 
transgression of marine facies over fluvial facies from the south to north can be identified 
(Burchette, 1981). Indeed, this transgression had reached the northern flanks of the Dinant 
Basin by Lochkovian times (Lecompte, 1970), and the northern Eifel areas by the Emsian. 
2.2.3 Middle Devonian 
The Middle Devonian covers both the Eifelian and Givetian stages (Fig. 2-1). Styles of 
sedimentation differ in both of these stages, therefore they will be considered separately. 
Palaeoreconstructions of Scotese and McKerrow (1990) show that during the Middle 
Devonian Euramerica (Laurentia/Avalonia/Baltica) continued to move northwards, which 
in turn was accompanied by the appearance of warm-water carbonate deposition (Fig. 2-
6). A palaeolatitude of 15°S for southern Britain is suggested by Scotese and McKerrow 
(1990). Heckel and Witzke (1979) positioned the Middle Devonian Europe in the 
palaeotropics, due to the presence of oolitic facies. 
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Figure 2-6 Palaeoreconstruction for the Givetian (Middle Devonian) from Scotese and McKerrow 
(1990). 
2.2.3.1 Eifelian 
The Eifelian is the oldest stage of the Middle Devonian. Fordham (1992) suggested the 
Eifelian had a duration of approximately 5My (from 386Ma to 381Ma). In the study area 
the Eifelian is represented by a major transgression and development of a broad carbonate 
ramp which supported a mixed carbonate and siliciclastic depositional regime (Preat and 
Boulvain, 1988). This carbonate ramp was transgressive from south to north. Carbonate 
deposition started in the Belgian Ardennes by lowermost Eifelian times and is represented 
by the Formation de Couvin, the Jemelle Formation and the Hanonet Formation (Preat, 
1989; Bultynck et al., 1991). Southwest England saw the Denbury Crinoidal limestone 
initiated in the late Eifelian (Burchette, 1981; Selwood et al., 1984). Carbonate deposition 
in the Rhenisches Schiefergebirge, however, did not start until earliest Givetian times 
(Krebs, 1974; Burchette, 1981). Deposition in the Eifehan was still clastic in nature and 
similar to that of the Lower Devonian. 
Sedimentation during the Eifelian in Southwest England had many variations, reflecting the 
complex palaeogeography of the area. In Cornwall most deposition was marine deep water 
elastics, yet in northern Devon continental and marginal marine Old Red Sandstone facies 
dominated (Goldring et al., 1968). The EifeUan of the study area (Southeast Devon) is 
represented by a transition from clastic to carbonate shallow-marine deposits. In the 
Newton Abbot area the Nordon Slates represent the earliest Eifelian deposition (Scrutton, 
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1977a; Selwood et ai, 1984). These are dominated by greenish weathering, black, or blue-
grey slates which are variably fossiliferous with benthonic communities (Selwood et al, 
1984). Spilites and tuffs are locally interbedded. There is a thin transitional sequence of 
shales and limestones which then grade into the fossiliferous Upper Eifelian Denbury 
Crinoidal Limestones (Scrutton, 1977a, b; Scrutton and Goodger, 1987). The Denbury 
Crinoidal Limestone contains crinoids, corals, brachiopods and rare bryozoan fragments 
(Scrutton, 1977a; Scrutton and Goodger, 1987), suggesting open marine conditions. This 
accumulation of crinoid debris probably formed the foundation for the thick carbonate 
platform succession which extends into the Givetian and Frasnian stratigraphy (Scrutton 
and Goodger, 1987). 
The Eifelian of the Dinant basin in Belgium is mostly carbonate in nature, and is 
represented by small organic buildups and interbedded shales and sandstone deposited on a 
homoclinal ramp (Burchette, 1981; Preat, 1989; Casier et al., 1992). The progradation of 
these carbonate facies over clastic facies of Lower Devonian is in a northwards direction, 
so that in the Dinant basin carbonate facies occur earlier than in the more northerly Namur 
basin. The earliest Eifelian is represented by the Couvin and Jemelle Formations (Bultynck 
et al., 1991). The Formation de Couvin is dominated by crinoidal limestones and this 
grades into the Jemelle Formation which is mainly lower-energy shales (Bultynck et al., 
1991). The Hanonet Formation represents the uppermost parts of the Eifelian. Tsien 
(1972) and Preat (1989) recognised that the Hanonet Formation had a broadly regressive 
nature in the Dinant Basin, shallowing from outer ramp (>60m) fine-grained argillaceous 
mudstones, to bioclastic grainstones and rudstones of the inner ramp (between 25m and 
Om depositional depth). The Hanonet Formation displays varying thicknesses in a number 
of outcrops in the Dinant basin and this has been attributed to a pre-existing 
palaeotopography prior to the Middle Devonian (Kasimi and Preat, 1996). 
During the Middle Devonian of Germany three main structural features existed which 
controlled sedimentation (ICrebs, 1971; Krebs, 1974; Fig. 2-7). The external shelf, 
encompassing the Eifel area to the west of the River Rhine was a site of typical northwards 
transgressing, shallow-water, clastic and carbonate sedimentation similar to that of the 
Dinant and Namur basins. Indeed the Eifelian stage was named after the type-locality in 
the Eifel area. The Eifel area carbonates are fully marine in nature with a rich brachiopod 
assemblage (Kasig and Wilder, 1983). They represent shelf carbonates which developed on 
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the outer shelf margin of the Old Red Continent (Krebs, 1974). Near the shoreline these 
Eifelian carbonates grade into coarse clastic sediments. The eastern part of the outer shelf 
(east of the River Rhine, Bergish Land and Sauerland), however, was a very mobile area 
with high subsidence and sedimentation rates (Krebs, 1974). Deposition was almost 
entirely clastic in nature, similar to that of the Lower Devonian (Krebs, 1971; Krcbs, 
1974). The central trough was dominated by shaley, pelagic, deep-water sediments. 
Stable submarine rises were common in the trough, with thin cephalopod limestones 
occurring on top (Krebs, 1971; Krebs, 1974). The inner shelf sediments of the Rhenish 
Trough were shallow-water in nature, transgressing onto the 'Mittel-Deutsche Schwelle'. It 
was not until the Givetian that carbonate sedimentation dominated in western Germany. 






Figure 2-7 Palaeogeograpby during the Middle Devonian in western and central Europe (from 
Krebs, 1974). 
2.2.3.2 Givetian 
The Givetian is the youngest stage in the Middle Devonian. Fordham (1992) suggested the 
Givetian had a duration of approximately 9My (BSlMa to 372Ma) by using radiometric 
dating. More recently. House (1995a) critically reviewed the proposed duration of the 
Givetian, since estimates ranged from 5Ma (Odin and Odin, 1990) to 1 IMa (McKerrow et 
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al, 1985). House (1995a) examined Givetian microrhythms of the Montague Noire, 
France, where it was presumed that they had a climatic precessional signature. The 353 
microrhythms thus gave a 7.1Ma duration to the Givetian, very similar to the figure of 
7.0Ma which was attained from averaging all published data for the duration of the 
Givetian (House, 1995a). The Givetian, along with the Frasnian, are the main time-periods 
of interest for this thesis, and thus will be discussed in more detail in Chapter 5. 
The Givetian of western Europe saw the development of a true carbonate platform. The 
shelf edge can be traced from Southwest England, through northern France, south of the 
Dinant basin, and then northeastwards through the central Rhenish Schiefergebirge (Fig. 2-
8), and this was often the site of reef-development (Burchette, 1981; Preat and Mamet, 
1989). The start of reef growth was once again older in the south than the north, reflecting 
the progress of the Devonian transgression over the shelf (Burchette, 1981). 
The Givetian of Southwest England once again had a complicated palaeogeography 
(Scrutton, 1977a; Bluck et al., 1992; Fig. 2-9). Deep-water sedimentation continued 
through from the EifeUan in Cornwall, with the presence in the Givetian of deep-water 
distal limestone turbidites (Tucker, 1969; Gauss and House, 1972). These turbidites were 
sourced from a southwesterly provenance (Tucker, 1969), coincident with the shelf edge 
rise which runs south of the area. In North Devon sedimentation was still clastic in nature, 
having accumulated in shallow-water prodelta and delta-platform environments (Webby, 
1965; Webby, 1966; Goldring et al., 1968). This contrasted dramatically with the 
carbonate successions in South Devon. The Eifelian crinoidal limestones provided a base 
on which Givetian reef limestones could develop in the Torquay area of Southeast Devon 
(Scrutton, 1977b). These reefs were thought to have developed on the elevated shelf-edge 
rise (Scrutton, 1977b). The Torbay reef complex had a central lagoon (Scrutton, 1977a; 
Garland et al., 1996) and it is assumed that the geometry of the complex was one of an 
isolated atoll (Scrutton, 1977a, b). However, severe Variscan thrusting and deformation 
hampers detailed palaeogeographical reconstructions. Thick accumulations of volcanic 
tuffs were deposited over Southeast Devon in the latest Givetian, possibly providing local 
short term topographic highs capable of sustaining carbonate deposition (Scrutton, 1977a). 
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Figure 2-9 Generalised reconstruction of the sea-floor across part of the Devonian shelf during the 
mid Givetian (from Scrutton, 1977a). 
The Belgian Ardennes and Eifel areas of Germany saw the development of a large shelf 
lagoon during the Eifelian/Givetian boundary times when stromatoporoid-coral reefs 
developed along the shelf edge and provided restriction. Taking into account the 33% 
shortening of these sediments during the Variscan orogeny, the lagoonal zone reached 50-
60km in width from reef to shore (Burchette, 1981). This style of sedimentation continued 
until the end of the Givetian, when transgression caused back-stepping of the margin in the 
direction of the Old Red Continent (Burchette, 1981). The broad shelf lagoon was 
dissected into numerous tilted fault blocks, each a few kilometres wide, which is typical of 
passive tectonism in a backarc setting (Preat and Weis, 1994). 
Further east in the Aachen area of Germany west of the River Rhine, sedimentation during 
the Lower Givetian was clastic in nature consisting of red and greenish-grey sandstones 
(Kasig and Neumann-Mahlkau, 1969; Kasig, 1980; Kasig and Wilder, 1983). This 
succession is overlain by the Upper Givetian limestones (Upper Stringocephalus Beds) 
which at the base reflected open marine sedimentation. However, further up the succession 
the sediments were lagoonal in nature (Kasig, 1976; Kasig and Wilder, 1983) and 
represented an eastwards extension of the shelf lagoon present in southern Belgium. 
The Givetian succession east of the River Rhine differs greatly from that in the Eifel and 
Aachen areas. The lower and middle Givetian is characterised by the 'Schwelm' facies: dark 
grey, fine-grained, well-bedded fossil-rich limestones deposited in an open-marine bank 
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setting (Krebs, 1971; Krebs, 1974; Burchette, 1981). These 'Schwelm' limestones always 
form the lower part of the Massenkalk sequence (Fig. 2-3), and developed upon the 
marine elastics of the Eifelian. The Upper Givetian carbonate complexes east of the River 
Rhine differ dramatically from those of the broad shelf lagoon in Belgium. They were 
predominantly isolated carbonate complexes (atolls) with a central lagoon, which Krebs 
(1974) suggested developed in three palaeogeographically distinct sites (refer also to 
Figure 2-8): 
1. Type A - Isolated carbonate complexes developed on submarine rises, or upfaulted 
blocks within the Rhenish Trough (i.e., Langenaubach). 
2. Type B l - Isolated carbonate complexes developed at the shelf edge rise (i.e., 
Attendorn, Brilon) 
3. Type B2 - Isolated reefs on banks within the external shelf, which are separated laterally 
by shale basins (i.e., Balve, Domap) 
All of these isolated carbonate complexes, apart from Langenaubach, were initiated in the 
Upper Givetian, with continued sedimentation through most of the Lower Frasnian (Krebs, 
1974). 
2.2.4 Upper Devonian 
The Upper Devonian encompasses both the Frasnian and Famennian stages. Different 
styles of sedimentation are represented in both stages, therefore the Frasnian and 
Famennian will be considered separately. Global-scale palaeoreconstructions of Scotese 
and McKerrow (1990) suggest that Euramerica was still steadily moving in a northwards 
direction, with palaeolatitudes for southern Britain at approximately 12°S for the latest 
Devonian (Famennian). Although Euramerica experienced relatively little palaeolatitudinal 
change through the Upper Devonian, major plate reorganisation was occurring further 
south in Gondwana (Kent and Van der Voo, 1990). For the first time in the Devonian, 
Gondwana was positioned over the South pole, hence instigating ice-house conditions and 
a major period of glaciation (Fig. 2-10; Kent and Van der Voo, 1990; Scotese and Barrett, 
1990). 
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Late Devonian 
Figure 2-10 Palaeogeographic reconstruction for the Famennian. G = glacial relicts, E = Evaporites 
(from Kent and Van der Voo, 1990). 
2.2.4.1 Frasnian 
The Frasnian stage is the oldest stage in the Upper Devonian. Its duration is thought to be 
approximately 5My (from 372Ma to 367Ma; Fordham, 1992). The Frasnian stage is 
characterised by a complex succession of deepening events (Johnson et al., 1985). By 
early Frasnian times the Dinant Basin in Belgium was dominated by deeper water 
carbonates (Burchette, 1981). This drowning of reefs did not occur in the Rhenisches 
Schiefergebirge area until the middle Frasnian (Krebs, 1974) and in Southwest England the 
sea-level rise affected the reefs in early to middle Frasnian times (Burchette, 1981; Butler, 
1981). At, or near the end of the Frasnian stage there was a major extinction (Kellwasser 
Event) which killed many of the shallow-water corals and stromatoporoids (McLaren, 
1982; House, 1985; Johnson et al., 1985; Scrutton, 1988; Scrutton, 1997). The main 
driving force for this extinction was thought to be the changing environment (Scrutton, 
1988). The late Devonian was a time of cooling climates and coupled with the rapidly 
increasing sea level led , to stressed conditions in the shallow seas (Scrutton, 1997). Deep 
water faunas were only mildly effected by this environmental change, and indeed many of 
these basinal faunas diversified during this period (Scrutton, 1997). 
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In Southwest England the Frasnian sea-level rise was represented in most 
palaeogeographical settings. In Cornwall, the Frasnian is represented by grey slates and 
rare pillow lavas (Goldring et al., 1968). In South Devon subsidence of the Torbay reef 
complex apparently started in late early to mid Frasnian times, ending carbonate deposition 
(Scrutton, 1977a, b). The youngest limestones in the area had a characteristic pinkish 
colour and were very similar to the deep-water mudmounds of the late Frasnian of 
Belgium (Scrutton, 1977a, b; Burchette, 1981). These bioherms were dated as mid to late 
Frasnian (Scrutton, 1977a). The Frasnian sediments of North Devon represented clastic 
facies of continental, delta platform and prodelta slope environments (Goldring, 1962). As 
these were of a similar environment to the Middle Devonian, it was suggested that this 
clastic sedimentation was able to keep pace with the increase in rate of subsidence/sea-
level rise (Goldring et al., 1968). 
Following the end Givetian transgression in the Dinant and Namur Basins of Belgium, 
isolated red-coloured reef-mounds of Frasnian age developed basinwards of the barrier 
reef (Burchette, 1981; Blieck et al., 1988). Three phases of mudmound development have 
been recognised in the southern part of the Dinant Basin (Preat and Boulvain, 1988). As is 
so common with Devonian carbonate buildups, these Frasnian mudmounds were thought 
to have a diachronous nature, being younger in the north than the south (Coen and Cornet, 
1977). This is likely to be related to the northerly transgression of the area, which is 
associated with increasing clay sedimentation (Preat and Boulvain, 1988). A characteristic 
of these mudmounds is the 'stromatactis' structures so often developed (Blieck et al., 
1988). The mudmounds are considered deep-water buildups that developed below wave 
base (Lecompte, 1954; Dreeson et al, 1985). Preat and Boulvain (1988) suggested initial 
mudmound development was at approximately 100m depth, well below the photic-zone. 
Barrier reefs were still present in the lower Frasnian along the shelf edge rise further north 
near Phillipeville, enabling lagoonal sedimentation to continue (Tsien, 1972; Tsien et al., 
1977). The end of carbonate deposition coincides with deposition of the Matagne 
Formation shales (Fig. 2-3). These are a series of dark coloured, black to greenish shales 
(Bouckaert et al., 1972) which represent either an increase in subsidence rate (Tsien, 
1980) or the presence of oxygen-depleted waters (Casier, 1987). 
Apart from a small transgression at the base of the Frasnian allowing turbiditic limestone 
deposition (Grenzschiefer), the Aachen and Eifel area of Germany had continued lagoonal 
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sedimentation in the Lower Frasnian (Kasig and Wilder, 1983). The major upper Frasnian 
transgression is recorded in the Aachen area at the An. triangularis to Pa. gigas conodont 
zones (Fig. 2-3; Kasig et al., 1978; Wilder, 1989). Nodular limestones and marly shales 
overly the stromatoporoid limestones, following the death of the reefs (Hollerbach and 
Kasig, 1980; Kasig, 1980; Kasig and Wilder, 1983; Walter et al., 1985).This process of 
deepening reached a peak with the deposition of thick successions of black shales (up to 
900m; Krebs, 1971; Krebs, 1974) similar to the Matagne Shales in Belgium. 
Isolated carbonate complexes of the Rhenisches Schiefergebirge continued growth through 
to the end of the middle Frasnian (Krebs, 1974). The terminal stage of reef growth showed 
a change from rapid and continuous subsidence to httle or no subsidence (Krebs, 1974). 
Following the death of the reefs, either nondeposition or sedimentation of condensed 
cephalopod limestones prevailed on the submarine rises (Krebs, 1971; Krebs, 1974). 
Consequently in the neighbouring basins thick deposits (up to 700m; Krebs, 1971) of 
deep-water silty shales, locally rich in ostracodes were deposited (Tucker, 1969; Krebs, 
1971; Tucker, 1973). These were termed 'Schwellen' and 'Becken' facies respectively by 
Schmidt (1925). This style of sedimentation continued through the late Frasnian to 
Famennian (Tucker, 1973). 
2.2.4.2 Famennian 
The Famennian is the youngest stage of the Devonian, and is thought to be approximately 
13My in duration (Fordham, 1992; Fig. 2-2). 
In Southwest England, a broad cross-section from deep water to continental environments 
existed from South Devon through north Devon and into Wales (Fig. 2-11; Goldring et al., 
1968). In Southeast Devon thick sequences of deep-water ostracode slates with 
intercalated tuffs were deposited in small basins, and reduced successions with ammonoids 
and cephalopods deposited upon submarine rises (similar to the German 'Becken' and 
'Schwellen', see section 2.2.4.1; Dineley, 1961; Goldring et al., 1968). In North Devon a 
continuing transgression was recorded throughout the Famennian (Goldring, 1962; 
Webby, 1966). Lagoon and marsh sediments (Upcott Beds) were succeeded by tidal-flat, 
beach, and offshore prodelta deposits (Baggy Beds) and finally neritic fossiliferous 
sandstones and shales (Pilton Beds) were deposited. By the end of the Famennian the 
transgression had extended across South Wales (Webby, 1966). 
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Figure 2-11 A composite diagram to show the relationship between deep and shallow water deposits 
in the Upper Devonian of southern Britain (based on Rabien, modified from Goldring, 1962). 
Contrary to the southern British Famennian successions, the Belgian and western German 
(Eifel and Aachen area, west of the River Rhine) deposits from a regressive succession 
(Walter et al., 1985; Blieck et al, 1988). Deep-marine sediments of upper Frasnian age 
shallow into coastal, shallow, and then back-shore deposits (Blieck et al., 1988), with their 
distribution being a response to the prograding coastline. Further north on the eastern edge 
of the Brabant Massif the Frasnian limestones had already undergone intense karstification 
(Walter et al., 1985). Differentiation between depositional environments was very clear, 
and a broad deep-water, through shallow open-marine, lagoonal tidal flat, to continental 
alluvial cross-section could be drawn from south to north (Wilder and Kasig, 1983). In the 
uppermost Famennian, calcareous facies reappeared which continued through to the 
Carboniferous (Wilder and Kasig, 1983). 
East of the River Rhine in the German Rhenisches Schiefergebirge area, deep-water 
sedimentation of a 'Becken' and 'Schwellen' nature, similar to the upper Frasnian, persisted 
(Krebs, 1971). Before middle Lower Carboniferous times, however, it is apparent that 
some of the reef complexes and cephalopod limestones emerged above sea level and were 
subjected to erosion (Krebs, 1971). 
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2.2.5 Post Devonian 
During the Carboniferous the closure of the Rheic Ocean between northern Europe and 
Gondwana and several other oceans (Pleionic Ocean and Phoibic Ocean) resulted in the 
amalgamation of the western half of Pangea (Riding, 1974; Scotese and McKerrow, 1990; 
Torsvik et al., 1990). The HercynianA^ariscan Orogeny had its climax in the Westphalian, 
deforming much of the southern margin of Baltica/Avalonia. Much of the deformation was 
of a transpressive nature, since Gondwana rotated in a clockwise manner during collision 
(Scotese and McKerrow, 1990). Northern Europe was drifting northwards during the 
Carboniferous from approximately 5°S in the Visean, to 5°N by the Westphalian (Scotese 
and McKerrow, 1990). 
The Lower Carboniferous of western Europe saw a continued transgression of marine 
facies onto the Old Red Sandstone Continent (Anderton et al., 1985). A mosaic of rapidly 
subsiding basins and positive land masses had a strong influence on sedimentation in 
Britain (Cope et al., 1992; Fig. 2-12). In Belgium and western Germany sedimentation was 
concentrated into the northwards propagating Hercynian basin, where carbonate 
environments were established over the sandy shelf and littoral deposits of upper Devonian 
age (Wilder and Kasig, 1983; Anderton et al., 1985; Walter et al., 1985). Further east of 
the Rhine, early Carboniferous successions record the presence of deep-water sediments, 
with periodic influxes of limestone turbidites from the Brabant carbonate platform 
(Meischner, 1971). 
jt''"'"HIGHLANDS BLOCK 100 km 
KRIGG 
Figure 2-12 Lower Carboniferous (Dinantian) outcrops (shaded black) and upland areas (stippled 
ornament) to show generalised palaeogeographic features for northern Britain (from, Anderton et 
al., 1985), 
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The Hercynian Orogeny effected the study area extensively. A transect of the Hercynian 
fold belt from Britain to northern Spain shows two major fold zones, separated by a 
metamorphosed zone (Fig. 2-13; Riding, 1974). The Rhenisches Schiefergebirge area, 
Ardennes and Southwest England lie directly within the northern foldbelt. In this foldbelt 
deformation may have been initiated as early as the Visean, yet the major phase of 
deformation occurred post mid-Westphalian times (Riding, 1974). The Hercynian 
deformation produced NE-SW trending folds and thrusts (Anderton et al., 1985) which 
has hampered many attempts at palaeogeographic reconstructions for the Devonian, 






Figure 2-13 Hercynian zones and localities of western Europe (from Riding, 1974). 
2.2.6 Synthesis 
As the previous Sections have discussed, the Devonian of the study area (Southwest 
England, Ardennes of Belgium, and western Germany) shows a complex interaction of 
plate motions, varying climates, complicated local palaeogeographies, differing styles of 
sedimentation and fluctuating sea levels. Figure 2-14 presents a synthesis of the data 
discussed in earlier sections, so as to provide 'snapshots' for the Early Devonian, Middle 
Devonian, Upper Devonian and Lower Carboniferous. 
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Palaeoecology 
3. Palaeoecology of Middle to Upper Devonian carbonate environments 
This Chapter introduces the principal fauna and flora found in the back-reef and lagoonal 
environments of the Middle and Upper Devonian of western Europe. Stromatoporoids and 
calcareous algae are discussed in detail since they are very common and well represented 
in the study area. Foraminifera, ostracodes, calcispheres, corals, brachiopods and molluscs 
of the Middle to Upper Devonian are only briefly described. The likely habitats of each of 
the fossils are discussed in detail to build up a broad palaeoecological reconstruction of the 
Devonian environments. 
3.1 Stromatoporoids 
Stromatoporoids are an extremely important fossil group in the Middle - Upper Devonian 
carbonate environments of western Europe. They are common within open-marine, fore-
reef, reef-core and back-reef facies, and their varied morphologies have fundamental 
implications for palaeoecological studies. Stromatoporoids have been considered by 
different authorities to be hydrozoans, sponges, encrusting Foraminifera, bryozoans, algae, 
or an extinct phylum with no modem counterparts (Clarkson, 1989). They are now widely 
accepted as belonging to the phylum Porifera (sponges) because of their similarities to 
hving sclerosponges (Stearn, 1972, 1975; Scrutton, 1985). Stromatoporoids were sessile, 
benthic animals which lived in relatively shallow water with likely maximum depths of 15-
20m (Playford, 1980). The skeleton is calcareous and finely reticulate in structure, 
composed of distinct horizontal laminae and vertical pillars (Scrutton, 1985) which 
supported soft tissue in the upper few millimetres of the skeleton during life (Kershaw, 
1988). The internal structure of the stromatoporoid is highly variable; in some specimens 
the laminae are dominant, whilst in others the pillars dominate, and their classification is 
based in these differences (Kershaw, 1988). 
The growth forms of stromatoporoids are markedly variable. They range in size from 
millimetres in diameter (such as Amphipora, a branching stromatoporoid) to three metres 
or more. In field studies it is useful to describe the growth-form of stromatoporoids. This 
not only helps classification purposes, but also helps to determine probable 
palaeoenvironments. However, to identify stromatoporoids to genus or species level it is 
necessary to examine thin sections. Using the classification schemes of Stearn (1982) and 
Young and Scrutton (1991) stromatoporoids can be divided into five major categories on 
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the basis of their growth forms: domal, bulbous, tabular, columnar, and branching (Table 
3-1). 
DOMAL i Forms with an upwardly convex surface and a 
i broad base. The widest part is below the 
: midpoint of the height, with a width:height 
i ratio of less than 3:1. 
BULBOUS Forms with convex upper surfaces that taper 
downward to a small base. The widest part is 
above the midpoint of the height, the sides are 
not subparallel, and the width:height ratio is 
less than 3:1. 
TABULAR Forms which are broad with a width:height 
ratio of 3:1 or greater. The upper surface is 
essentially horizontal or gently undulating. The 
term laminar stromatoporoid is also used. 
COLUMNAR \ Forms which are tall, with sides subparallel 
i and height greater than width. 
BRANCHING i Stick-like, digitate and dendroid forms. 
Table 3-1 Table categorising basic growth forms of stromatoporoids. Data compiled from Stearn 
(1982) and Young and Scrutton (1991). 
An important observation is made by Kershaw (1988) with regards to field studies of 
stromatoporoids. Since most stromatoporoids occur in solid hmestone, the geologist or 
palaeontologist will see only a section through the stromatoporoid. This presents problems 
when trying to interpret a three-dimensional geometry from a two-dimensional section. For 
example a domal form, when sectioned on its edge, may appear laminar in shape. Laminar 
forms will still appear laminar, and it's likely that complex branching forms will show 
highly irregular shapes. Therefore, caution must be taken when using this morphological 
approach to describing stromatoporoids. 
The variety of sizes and morphologies of stromatoporoids reflects species-type and the 
environment in which they lived (Fig. 3-1). Factors such as water turbulence and the 
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amount of light flux able to reach the stromatoporoid (i.e., water depth and quality) were 
important influences on their distribution (Steam, 1982). Kershaw (1988) suggested that 
domal and tabulate types dominated higher-energy conditions in reefs whereas delicate 
branching and unstable bulbous stromatoporoids were more common in muddy, low-









F i n e - g r a i n e d 
limestone and muds. 
Dendroid forms 
always fragmented. 
S torm- inf luenced , 
low-energy water. 













Figure 3-1 Typical environmental distribution of stromatoporoid growth forms (adapted from 
Kershaw, 1988) 
The following sections describe the main stromatoporoid types seen in the Middle and 
Upper Devonian back-reef and lagoonal environments of western Europe. 
3.1.1 Domal stromatoporoids 
Domal stromatoporoids are not common constituents of Middle and Upper Devonian 
back-reef environments. When present, they can reach up to 60cm in diameter and are 
often very broken up, reflecting reworking and transportation, and are rarely found in life 
position. They are associated with a rich faunal assemblage of colonial corals, solitary 
corals, Stachyodes-typcs stromatoporoids, broken up laminar stromatoporoids and 
crinoids. No formal identification of the domal stromatoporoids has been made, as it is 
outside the scope of this study. 
Environmental significance: Domal or massive stromatoporoids are common constituents 
of reefal facies in Devonian carbonate build-ups (Krebs, 1974; Scrutton, 1977a). In the 
reef subfacies of German isolated carbonate complexes, domal stromatoporoids are 
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associated with Alveolites, Favosites and Heliolites tabulate corals, and Hexagonaria and. 
Phillipastrea rugose corals which are mostly in life position (Krebs, 1974). The shape of 
domal stromatoporoids (flat base and streamlined convex top) ensures it to be stable in 
higher energy environments. The presence of abraded and overturned domal 
stromatoporoids in high-energy back-reef facies suggests the stromatoporoids probably 
dwelled in the reef, and were later incorporated into back-reef facies by storms or currents. 
3.1.2 Bulbous stromatoporoids 
Bulbous stromatoporoids are very common within the back-reef environments of the 
Devonian of western Europe. They have not been identified in a formal manner in this 
thesis as this is outside the scope of the study. However, studies in similar Devonian Reef 
Complexes of Western Australia by Cockbain (1984) suggested Actinostroma was the 
most common genus of bulbous stromatoporoid in the platform interior. In the field the 
bulbous stromatoporoids have a distinctive ball or globular shape (Fig. 3-2) and in thin 
section they have a varying morphological nature; some have a regular network of laminae 
and pillars, and others have a more irregular vesicle system. This reflects the diversity in 
species rather than adaptations to different environments. In the study area the size of the 
bulbous stromatoporoids range from about 5cm diameter to 60cm diameter. 
Figure 3-2 Field photograph of bulbous stromatoporoid, in life position, surrounded by Amphipora 
branches. Photograph taken in the Canning Basin, western Australia, courtesy of Colin Scrutton. 
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The bulbous stromatoporoids are associated with dendroid stromatoporoids (Amphipora), 
and microfossils such as ostracodes and algae. They are rarely found in life position, 
having been overturned as a result of their unstable morphologies requiring suitable 
sediment support around the base. 
Environmental significance: Bulbous stromatoporoids are thought to have inhabited calm 
water environments since their bulbous shape would have been unstable in higher energy 
environments (Kershaw, 1988). They are very common in many Devonian lagoonal 
successions (i.e., Canadian reef complexes, Playford, 1969; Western Australian reef 
complexes, Playford, 1969; Western European reef complexes, Krebs, 1974; SW English 
complexes, Scrutton, 1977a, b; Moroccan complexes, Cattaneo et ai, 1993), and are 
always interpreted as lagoonal or platform interior. 
3.1.3 Tabular stromatoporoids 
Tabular, or laminar stromatoporoids are classed as having a width:height ratio of greater 
than 3:1. These stromatoporoid forms are not common within the back-reef and lagoonal 
facies of western Europe, and therefore have only been described by their morphology (no 
formal identifications have been made). The tabular stromatoporoids are sometimes found 
in higher energy back-reef environments (such as in the Attendom Reef Complex, 
Germany) where storms have dislodged and transported them. The stromatoporoids reach 
up to 200mm in length and 25mm in height. However, they are more commonly broken up 
reaching only 100-120mm on average. 
Environmental significance: The tabular stromatoporoids are most often found in reef-
margin and fore-reef facies (i.e., Western Australian complexes, Playford, 1969,1980; 
Central European complexes, Heckel, 1974; Krebs, 1974), as their streamlined geometries 
are better adapted to higher energy environments. This can be further supported by the 
evidence of Mayall (1979) where tabular stromatoporoids were interpreted as living in a 
uniformly high-energy environment, and Kershaw and Riding (1980) interpreted a 
succession were tabular stromatoporoids reflected upper fore-reef environments. 
However, there has been some controversy over the environmental significance or tabular 
stromatoporoids as they have also been sighted in back-reef environments in SW England 
(Scrutton, 1977a; Stearn, 1982). In this situation the morphology of the tabular 
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Stromatoporoid may have reflected the need to spread its weight on the soft sediment, so 
that it did not sink. 
3.1.4 Columnar stromatoporoids 
No occurrence of columnar stromatoporoids have been found or reported in the study 
area. 
3.1.5 Branching stromatoporoids 
Two genera of branching or dendroid stromatoporoid have been identified in the back-reef 
and lagoonal facies of the study area: Amphipora and Stachyodes. Amphipora has delicate 
branches and tends to be more common in the micritic, lower energy, lagoonal 
environments. Stachyodes is a more robust dendroid stromatoporoid and occurs in higher 
energy back-reef facies. 
3.1.5.1 Amphipora 
Amphipora is a very easy stromatoporoid to distinguish. In the field it displays a spaghetti-
like morphology and gives a bafflestone or floatstone texture to the limestone. Amphipora 
branches are on average 3mm in diameter and reach up to 30mm in length (Fig. 3-3a). In 
thin section they usually have a distinctive axial canal, and a marginal row of reticulate 
tissue and vesicles (Fig. 3-3b). The Amphipora branches tend to be fragile and are 
commonly found broken and in a disturbed rather than life position. 
Environmental significance: Amphipora is extremely common in the calm-water, lagoonal 
facies of the Middle and Upper Devonian world-wide. It has been recorded in successions 
in Devon (Scrutton, 1977a, b; Garland et al, 1996), Belgium and northern France (Preat 
and Mamet, 1989), Rhenisches Schiefergebirge area of Germany (Krebs, 1974; Kasig, 
1980; Burchette, 1981), Canning Basin in Western Austraha (Read, 1973) and Devonian 
reef-complexes of Western Canada (Wong and Oldershaw, 1980). As a result of its 
exclusive appearance in back-reef facies it is thought that Amphipora was adapted to 
environments of either low oxygen or salinity. They were bottom-living animals and 
probably lived in 'thickets' covering a wide area (Fig. 3-4) (Scrutton, 1977a, b; Kasig, 
1980). Although Amphipora was not thought to have constructed small patch-reefs, it did 
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Figure 3-3 a) Field phot(^raph of Amphipora displaying dendroid nature of the stromatoporoid. 
Photograph taken at Broadridge Wood quarry, Torbay Reef Complex. Lens cap 40mm 
diameter for scale. Photograph courtesy of Colin Scrutton. b) Photomicrograph showing 
well-developed axial canal (arrows) so common in Amphipora. Sample number BW24, 
Broadridge Wood quarry, Torbay Reef Complex. Scale bar = 3mm. 
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have baffling properties which trapped sediment between its branches. Read (1973) 
suggested the optimum water depth for Amphipora limestones was 1 m or less for similar 
facies in the Upper Devonian Pillara Formation in Western Australia. 
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Figure 3-4 Simplifled environmental reconstruction in the Newton Abbot - Torquay area (England), 
showing the abundance of Amphipora in lagoonal environments (redrawn from Scrutton, 1977a). 
3.1.5.2 Stachyodes 
Stachyodes-type dendroid stromatoporoids are common in the immediate back-reef facies 
of Middle and Upper Devonian carbonate complexes. In the field they have a milky 
coloration reflecting the spar-filled vesicles within the skeleton. The branches are larger 
than those of Amphipora, commonly being 6-10mm in diameter, and may or may not 
display an axial canal (Fig. 3-5). They are often preserved as broken grains ranging from 
10-40mm in diameter and are usually found in association with broken tabular and domal 
stromatoporoids and tabulate corals. 
Environmental significance: Krebs (1974), Burchette (1981) and Stearn (1982) suggested 
that Stachyodes probably dwelled in niches within the reef, in the fore-reef and near the 
leeside of the reef due to the greater strength in their thick branches and their association 
with broken laminar stromatoporoids which ideally live in well-oxygenated, high-energy 
waters. They were later incorporated into back-reef facies by currents and storms. Their 
broken nature therefore reflects constant reworking in a relatively high energy depositional 
environment. 
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Figure 3-5 Photomicrograph of the dendroid stromatoporoid, Stachyodes. Note the micrite-filled 
internal vesicles. Sample number SA17, Sourd d'Ave section, southern Belgium. Scale bar = 2mm. 
3.2 Calcareous algae and cyanobacteria 
Calcareous algae and cyanobacteria are an important components of the carbonate 
sediments in the Middle and Upper Devonian and are widely distributed in most of the 
major facies belts. Their distribution and growth forms closely reflect the environment in 
which they lived (Wray, 1977), and therefore make important environmental indicators. As 
algae are photosynthetic, light intensity and quality are fundamental factors controlling 
their distribution. Different genera and species are able to live at specific water depths 
depending on the pigments and metabolic processes they possess (Fig. 3-6) (Wray, 1977). 
Water energy also effects the distribution of marine algae and cyanobacteria, with some 
taxa requiring high energy environments, and others only being able to survive in 
conditions of gentle water movement (Wray, 1977). Thus, algae and cyanobacteria occur 
in specific ecological niches and have been used for palaeoenvironmental reconstructions 
(Fig. 3-7). 










Figure 3-6 Generalised depth distribution (abundance and diversity) of major groups of living 
marine calcareous algae and cyanobacteria (adapted from Wray, 1977). 
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Figure 3-7 Environmental distribution of skeletal calcareous algae in Upper Devonian reef and bank 
complexes of western Australia and Alberta (adapted from Wray, 1977). 
Of the two main divisions of eukaryotic algae (red algae and green algae), the green are 
most common in the study area. Red algae (Rhodophycophyta) have not been discovered 
during the present study; however, Preat and Racki (1989) have noted the presence of 
Solenoporaceae in some Belgian back-reef successions. 
Green algae and cyanobacteria are rarely bigger than l-2mm, so that thin-section analysis 
is imperative for the determination of their presence and for identification purposes. The 
algae and cyanobacteria have been identified to varying levels (from family to genus), 
depending on the state of preservation. 
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3.2.1 Chlorophytes (calcareous green algae) 
The Chlorophytes are extremely common in the Middle and Upper Devonian of western 
Europe. They can be divided into 3 major groups: Dasycladaceae, Codiaceae and 
Charophyceae. Of these groups the Dasycladaceae and Codiaceae are well represented in 
the study area. The green algae had a wide range of morphologies and inhabited mainly 
terrestrial and freshwater environments. However, the Dasycladaceae and Codiaceae were 
thought to be exclusively marine plants (Wray, 1977). 
3.2.1.1 Dasycladaceae 
The Dasycladaceae are essentially cylindrical, spherical or club-shaped algae that are 
attached to the sea floor (such as Halimeda today) (Brasier, 1988). In the Devonian they 
were major contributors to the production of carbonate mud, as they easily broke up into 
millimetric-sized particles. Dasycladaceae at present day live between Om and 20m depth 
(Fig. 3-6). 
In this study, three major genera have been identified: Devonoscale, Kamaena, and 
Issinella. Devonoscale and Issinella are by far the most abundant dasyclads identified. 
Other Dasycladaceae have also been distinguished, but no formal identification has been 
made. 
Devonoscale and Kamaena are simple cyhndrical algae ranging from 0.1mm to 1.5mm in 
length. These two algae are morphologically very similar, and because of relatively poor 
preservation in the studied samples they are therefore very difficult to distinguish from 
each other. As a result of the partial development of septa across the cylinder of 
Devonoscale and Kamaena, rectangular 'cells' are preserved (Fig. 3-8a). The cylinders are 
generally straight tubes, rather than tapering. The short preserved length of this algae is a 
reflection of its delicate nature. Devonoscale and Kamaena are associated with 
microfossils such as ostracodes, Parathuramminid forams, calcispheres and other algae. 
Environmental significance: Devonoscale and Kamaena are found in low-energy, micrite-
dominated facies suggesting they inhabited a shallow, calm water, restricted lagoonal 
environment. 
Issinella is similar to Devonoscale, being a simple cylindrical algae up to 0.8mm in length. 
Issinella, however, has no internal septa, and displays a tapering rather than straight 
geometry (Fig. 3-8b). These algae have been sighted in many Devonian successions 
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including the Holy Cross Mountains of Poland (Racki and Sobon-Podgorska, 1993), and 
southern parts of Belgium (Preat and Racki, 1989). 
Environmental significance: Issinella is found in fine grained micrites, suggesting a calm-
water, restricted environment. 
3.2.1.2 Codiaceae 
In the study area the Codiaceae are poorly represented. Two major types have been 
identified; Labyrinthoconids, and Palaeoporella. It is still not clear whether the 
Labyrinthoconids belong to the Codiaceae (Racki and Sobon-Podgorska, 1993), or have 
affinities with the calcisponges. However, for the purpose of this study they are being 
considered as Codiaceans. 
The Labyrinthoconids are not a dominant contributor to the flora in the Middle and Upper 
Devonian of western Europe. They are relatively rare, although they have several 
distinguishing characteristics. One is the complex anastomosing nature of the internal 
elements (Fig. 3-8c). The shape of the Labyrinthoconids is commonly fan or club shaped, 
ranging in size from 0.3mm-1mm diameter. 
The Palaeoporella are known to be the oldest Codiacean green algae, ranging from the 
latest Cambrian into the Devonian (Johnson, 1966). This genus consists of an 
unsegmented, cylindrical thallus which bifurcates (Wray, 1977). In the study area, 
Palaeoporella is not a common constituent. It is often not very well preserved being 
broken into 2mm 'sticks' which makes identification difficult. 
Environmental significance: Wray (1977) suggests that the present-day distribution of 
living calcareous Codiaceans provides a good basis for interpreting the environmental 
regimes of the ancient Codiaceae. Therefore, they are most common and diverse in 
shallow, lagoonal waters. This line of reasoning can also be supported by the association 
of the Devonian Codiaceans with low-energy micritic facies rich in Dasycladaceae which 
were also thought to have preferred shallow lagoonal environments. 
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Figure 3-8 a) Photomicrograph showing the characteristic interior rectangular 'cells' of 
Devonoscale. Sample number R5, Resteigne quarry, southern Belgium, b) Photomicrograph of 
IssineUa displaying cylindrical nature. Sample number KL8, Keldenich quarry, Sotenich, Germany, 
c) Photomicrograph of the club-shaped co^ceaeLabyrinthoconous. Sample number KL6, 
Keldenich Quarry, Sotenich, Germany. Scale bars = 02mm. 
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3.2.2 Calcified cyanobacteria ('blue-green algae') 
Cyanobacteria, formerly blue-green algae, are more closely related to bacteria than 
eukaryotic algae (Riding, 1991). As with the green algae they have varying morphological 
forms either amalgamating to form stromatolitic and reefal deposits or occurring as 
skeletal fossils. The calcified cyanobacterial sheaths are commonly irregular bushy masses 
or tubes arranged in radial fans or tangled masses (Riding, 1991). The dark calcitic sheaths 
that are precipitated around the cyanobacteria are thought to be for protection from 
intensive light, since the cyanobacteria are sometimes exposed to subaerial conditions 
(Wray, 1977). 
Four major groups of calcified cyanobacteria have been identified in the present study: 
Girvanella group, Hedstroemia group, Renalcis group, and Wetheredella group. Each 
group has identifiable characteristics, therefore making it easier to distinguish between 
them. The Girvanella group is by far the most common calcified cyanobacteria seen in the 
study area, with sightings of Hedstroemia group, Renalcis group and Wetheredella group 
algae being rare. In some instances the cyanobacteria are difficult to identify, for example 
in oncoids where the cyanobacteria have provided the microbial laminae (Fig. 3-9a). In 
such cases small tubules and filaments are apparent though any formal identification is 
beyond the scope of this study. The main groups identified are described below. 
3.2.2.1 Girvanella Group 
The Girvanella group is generally represented by the genus Girvanella. Girvanella is 
characterised by flexuous, tubular filaments of uniform diameter composed of relatively 
thick calcareous walls (Fig. 3-9b). The filaments often occur as masses twisted together, 
and can be found encrusting fossils animals such as the dendroid stromatoporoids 
Amphipora and Stachyodes, encrusting lumps of micrite (to form oncoids) or loose within 
a micritic matrix. Encrustations are commonly 1mm thick, and individual masses are up to 
6mm X 3mm diameter. 
Environmental significance: Girvanella is associated with relatively low energy lagoonal 
facies. Since it encrusts Amphipora it is suggested that Girvanella was subtidal, preferring 
low energy waters and a soft micritic substrate. Machielse (1972) also identified 
Girvanella in the Devonian successions of western Canada and suggested a quiet, slightiy 
restricted subtidal environment. 
Chapters • 46 
Palaeoecology 
3.2.2.2 Hedstroemia Group 
Bevocastria spp. is considered part of the Hedstroemia group; however, in morphology it's 
fairly similar to Girvanella. Bevocastria tend to have branching tubular filaments of 
varying diameter. Once again they have secreted thick calcareous walls. Bevocastria also 
encrust the dendroid stromatoporoid Amphipora, with encrustations reaching only 0.5mm 
thick. Bevocastria are not common in the successions studied. 
Environmental significance: Bevocastria is often associated with micritic facies rich in 
calcispheres and other algae, suggesting a similar subtidal, calm lagoonal habitat to that of 
Girvanella. Bevocastria is abundant in the lagoonal Middle Devonian Stringocephalus 
Beds of the Holy Cross Mountains, Poland (Racki and Sobon-Podgorska, 1993). 
3.2.2.3 Renalcis Group 
The Renalcis group is characterised by aggregates of hollow micritic chambers which have 
an inflated appearance. The growth forms can vary from simple colonies made up of a few 
chambers to complex botryoidal aggregates of many chambers (Wray, 1977). In the study 
area it is often difficult to distinguish between different genera in the Renalcis group. 
Renalcis group fossils are usually found as unattached clotted lumps in a micritic matrix, or 
as encrusters on both globular and dendroid stromatoporoids (Fig. 3-9c). Encrustations 
are rarely thicker than 0.5mm, and individual lumps are recorded up to 1mm diameter. In 
the study area they are not major contributors to the carbonate sediment. 
Environmental significance: The environment in which Renalcis thrived is somewhat 
difficult to determine. Its bushy non-massive form suggests it may have enjoyed calm 
water, muddy conditions. However, Renalcis has been identified in the high-energy 
organic-reef facies of the Redwater Reef, Canada (Machielse, 1972) and the Belgian reefs 
(Tsien, 1979), in debris beds of the Ancient Wall Complex in western Alberta (Playford, 
1969), and in lagoonal facies of the Holy Cross Mountains, Poland (Racki and Sobon-
Podgorska, 1993). Since in the study area Renalcis is seen to encrust stromatoporoids 
which hved in the more oxygenated shallow waters of the lagoon, it is suggested that 
Renalcis lived in the same environment. 
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Figure 3-9 a) Photomicrograph of a cyanobacterially-coated oncoid. The cyanobacteria (arrowed) is 
difficult to identify, yet is likely to belong to the Girvanella group. The nucleus of the oncoid is a 
micrite lump (M). Sample D6, Dourbes quarry, southern Belgium. Scale bar = 5mm. b) 
Photomicrograph of Girvanella (G) coating/encrusting an Amphipora branch (A). Sample number 
BL25, Bleiwasche quarry, Brilon Reef Complex, Germany. Scale bar = 1mm. c) Photomicrograph of 
Renalcis/Izhella aggregates displaying inflated hollow chambers. Sample number MB4, Medenbach 
quarry, Langenaubach Reef Complex, Germany. Scale bar = 1mm. d) Photomicrograph of 
Wetheredella displaying hemispherical shape and thin micritic walls. Sample number MB18, 
Medenbach quarry, Langenaubach Reef Complex, Germany. Scale bar = 0.2mm. 
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3.2.2.4 Wetheredella Group 
The Wetheredella are short encrusting tubes, hemispherical or round in cross section, with 
a dense micritic wall. Each tube is on average 1mm diameter, and in the study area the 
Wetheredella rarely reach larger than 10mm diameter aggregates (Fig. 3-9d). Their 
occurrence in lagoonal facies are rare, with only three being sighted. They appear not as 
encrusters but as individual aggregates, associated with a rich assemblage of 
stromatoporoids, ostracodes and forams. 
Environmental significance: Wetheredella has been documented in many carbonate 
complexes especially the Belgian reefal complexes (Tsien, 1978; Mamet and Preat, 1986). 
It's primary role is thought to be an encrusting one, forming thick crusts on 
stromatoporoids, corals and bryozoans (Chuvashov and Riding, 1984). This explains its 
dominance within reefal facies of Belgian bioherms (Tsien, 1978; Mamet and Preat, 1986). 
The poor abundance of Wetheredella in the lagoonal successions, and the fact that it is 
found as individual aggregates rather than in its encrusting form suggests that lagoonal 
facies are not the prime ecological habitat of Wetheredella. It prefers higher energy reefal 
environments. 
3.3 Foraminifera 
The Subfamily Parathuramminacea are the only foraminifera identified in the study area. 
These are a group of enigmatic fusulinid forams which have a thin dense micritic 
(microgranular) wall and are generally unilocular. The division of the parathuramminids 
into genera and species proves very difficult because of the variable 'cuts' that a thin 
section may produce (Fig. 3-10a). This has been very problematic in the last few decades 
as many 'new' species that were described may have been sections through the same foram 
species (Racki & Sobon-Podgorska, 1993). Hence this study has not striven to distinguish 
the parathuramminids to species level, or even generic level, and has grouped them all as 
'parathuramminids'. 





Figure 3-10 a) Geometries obtained by sectioning an irregularly-shaped calcareous body 
(parathuranuninid) in different planes which correspond to several 'genera' of forauL A = 
Parastegnammina, B =Corbiella, C = Bisphaera elegans, D = Bisphaera malevkensis, E = 
Archaeosphaera, F = Archaelagena (adapted from Racki and Sobon-Podgorska, 1993). b) 
Photomicrographs showing the variety of morphologies that parathuranuninids display in the study 
area. Scale bars = 0.5nun. 
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The parathuramminids range from 0.3mm to 3mm in diameter (average 1mm). They take 
up a variety of shapes from spherical, rounded and oval through to unusual and complex 
forms (Fig. 3-lOb). This may reflect the cut-effect of thin sections, or may indeed suggest 
different species. They are mainly associated with micritic facies rich in calcispheres, 
ostracodes and algae, yet they are also present in facies with a rich faunal assemblage of 
stromatoporoids and corals. 
Environmental significance: The parathuramminids probably liked a muddy rather than 
sandy substrate as reflected in the dominantly micritic matrix present in the samples. The 
association with algae suggests that the waters were probably shallow lagoonal in nature. 
Parathuramminids are very rare in the open-marine facies of the Middle and Upper 
Devonian. The presence of a dense microgranular wall has enabled the parathuramminids 
to be well preserved in the rock record. 
3.4 Ostracodes 
Ostracodes are predominantly benthic or pelagic Crustacea that Uve in a wide range of 
habitats including freshwater lakes, brackish lagoons and estuaries, forest humus, 
hypersaline lagoons and open-marine seas. It has often been observed that the size, shape 
and ornament of benthic ostracodes broadly reflects the stability, grain size and pore size 
of the substrate on, or in which they Uve (Brasier, 1988). Certain species and genera of 
ostracodes also prefer to live under specific salinity ranges, and hence provide fundamental 
evidence in palaeoenvironmental and palaeoecological reconstrucdons (Brasier, 1988). 
Ostracodes are abundant in most facies belts in the Middle and Upper Devonian of western 
Europe. They have been identified from open-marine environments through to restricted 
lagoons. The level to which the ostracodes have been identified in this study is variable: 
most have been collectively grouped as 'small ostracodes' as further discrimination is 
outside the scope of this study. However, one order of ostracodes, the Leperditicopida, 
have been distinguished from the others. This is mainly because of their size (they reach up 
to 10mm in length), and because they have important palaeoenvironmental implications. 
3.4.1 Leperditiid ostracodes 
The Leperditicopida are identified by their relatively large size (up to 10mm long) and 
smooth, thick, calcareous valves (Fig. 3-11). They are mostly found with their valves 
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separated and occur in 'nests' on bedding surfaces. They occur within micritic limestones, 
rich in calcispheres and rare birdseye fenestrae. 
Figure 3-11 Photomicrograph of a Leperditiid ostracode. Note the smooth, well-preserved calcitic 
shells and its large size. Sample number BB6, Bellignies-Bettrechies quarry, northern France. Scale 
bar = 2mm. 
Environmental significance: Leperditiid ostracodes are present in many mid-Palaeozoic 
successions, often occurring as monotypic faunas in great quantities but with no other or 
very few other associated fossils (Braun and Mathison, 1986). For this reason, they are 
considered to be restricted forms that could tolerate living conditions that deviated from 
the norm (Braun and Mathison, 1986). Studies by Casier et at. (1995) in northern France 
indicated that Leperditiid ostracodes were indicative of highly restricted lagoonal 
conditions (Fig. 3-12). Berdan (1968) suggested the Leperditiids were adapted to 
temporary exposure, with Benson (1961) envisaging hypersalinity. However, there is no 














Figure 3-12 Ostracode assemblages in the Middle and Upper Devonian of the Palaeotethys (from 
Casier et al., 1995). OMZ = Oxygen minimum zone. 
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3.5 'Calcispheres' 
Calcispheres are spherical 'balls' of calcite less than 0.1mm in diameter, often having a thin 
micrite rim, rarely being spinose or having an omamented rim (Fig. 3-13a, b). The actual 
affinities of calcispheres are somewhat poorly understood. Rupp (1967) and Brasier 
(1988) suggested they belong to the green algae, maybe being a reproductive plant spore 
(related to the Dasycladaceae). Affinities with the forams have also been implied (Tucker, 
1991), and recent work has suggested there are two types of 'calcispheres': 1) Those 
which are present in Mesozoic open-marine pelagic sediments with known affinities to the 
dinoflagellates ('calcispheres'), 2) Those present in mainly Palaeozoic successions that are 
of an unknown affinity ('calcareous spheres') (Hart, pers. comm.). This hne of thought, 
however, is not widely accepted and throughout this study I shall refer to these calcareous 
balls as 'calcispheres'. 
Figure 3-13 a) Photomicrograph of 'normal' calcispheres. Note the small size (scale bar = 0.5mm), 
spherical shape and dark micritic rims. Sample number R6, Resteigne quarry, southern Belgium, b) 
Photomicrograph of a calcisphere with well-preserved spines. Sample number BL7, Bleiwasche 
quarry, Brilon Reef Complex, Germany. Scale bar = 0.1mm. 
Environmental significance: Calcispheres are extremely abundant in calm-water facies of 
Middle and Upper Devonian lagoons, and Riding (1979) suggested they were adapted to 
shallow-water restricted shelf environments. Interestingly, they are rarely sighted in open-
marine facies, and are uncommon in higher energy back-reef environments. 
3.6 Corals 
Corals are not as common as stromatoporoids and on the whole are poorly represented in 
the back-reef and lagoonal environments of the Middle and Upper Devonian. Detailed 
work, however, by Scrutton (1977b) and Scrutton and Goodger (1987) in the Torbay Reef 
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Complex, England, has identified several assemblages of both tabulate and rugose corals 
which were found in lagoonal and platform interior facies (Table 3-2). These include the 
tabulate corals Remesia, Scoliopora, Alveolites, Caliapora and Thamnopora, and rugose 
corals Temnophyllum, Stringophyllum, Grypophyllum and Dendrostella which were found 
at the lagoonal succession at Broadridge Wood quarry in the Lemon Valley, Devon 
(Scrutton and Goodger, 1987). 
P.^ r.K'. Yf.^ !.l:.^ ?.^ ??.?f?.J.l!???.?.t9.n?.?..y^ .!?.h?M.^ .'^ '^ ^^ ^ ] R?r.HA.!^ .?!.l:.!?.?.l'^ .?f?;.}:???^ ^^ to" with Amphipora 
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•sc Grypophyllumyi.v-:K..-:.: !,y-^^^^^ , .x ; j -
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cMesophyllum., .,,. .,,,, ,„„.., ., . . 
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mAlveolites • " ' > „ , „ . ™ . . i:^Crt;;y^afra 
m Coenites • }. 
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Table 3-2 Coral faunal characteristics of the major limestones facies. The abbreviations c (common), 
m (moderately common), and r (rare) give a general indication of relative importance (adapted from 
Scrutton, 1977b and Scrutton and Goodger, 1987). NB only corals present in lagoonal facies are 
shown. 
Thamnoporoids are probably the most common tabulate corals identified in the Middle and 
Upper Devonian lagoons. These are feather-like ramose, cerioid, favositids with colonies 
reaching up to 60mm long, and individual corallites being l-4mm in diameter (Fig. 3-14). 
Thamnoporoids have been identified in many reef-complexes including the Torbay Reef 
Complex (Garland et ah, 1996), Pillara Limestone of the Canning Basin, Western Australia 
(Read, 1973), Kaybob Reef, Alberta (Wong and Oldershaw, 1980), Holy Cross 
Mountains, Poland (Racki, 1992), Belgian successions (Preat and Mamet, 1989), and 
many of the western German isolated complexes (Krebs, 1974). 
Environmental significance: Although the Thamnoporoids are rarely preserved in life 
position, they are associated with Amphipora. This suggests calm, shallow, lagoonal 
conditions with poor circulation which were probably subject to considerable variations in 
temperature and salinity (Klovan, 1964). 
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Figure 3-14 Photomicrograph of Thamnopora, courtesy of Colin Scrutton. Scale bar = 1cm. 
3.7 Brachiopods 
Brachiopods are not common constituents of the carbonate rocks in the study area. They 
tend to dominate the earliest Middle Devonian where more open-marine conditions 
existed. When present, they appear as small (2mm to 20mm long), broken but well 
preserved calcific shells with a variety of ornaments and shapes. Brachiopod spines are 
also preserved, especially in finer-grained lower-energy facies. No formal identification of 
the brachiopods has been made; however, the Stringocephalid brachiopod has been 
distinguished from the others, mainly due to its large shape and relative abundance within 
back-reef facies. 
Stringocephalids are large terebratulid brachiopods up to 6cm in length. They have very 
thick (up to 5mm), unomamented biconvex calcitic valves with a short non-strophic hinge 
and a pedicle foramen. They are often found in 'nests', either articulated, or disarticulated 
and slightly broken. When disarticulated it is possible to see the characteristic internal 
plates (Fig. 3-15). They are often associated with gastropods, bivalves and Stachyodes 
stromatoporoids. Stringocephalids appear restricted to the Givetian (late Middle 
Devonian), and are therefore useful chronostratigraphically (Blodgett and Dutro jnr., 
1992). 
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Figure 3-15 Photomicrograph showing some of the internal features of a Stringocephalid. Note the 
internal plates (P) and thick, calcareous, non-ornamented smooth shell. Sample number R8, 
Resteigne quarry, southern Belgium. Scale bar = 2mm. 
Environmental significance: Since the stringocephalids possessed a pedicle foramen it is 
likely that they anchored themselves to either a soft substrate, or rocks and dead shells 
(Clarkson, 1989). This accounts for the tendency for them to be found in-situ in nests or 
clusters. They are associated with a rich faunal assemblage, suggesting near-normal 
marine, well-oxygenated environmental conditions. They are common in high energy facies 
therefore it is interpreted that stringocephalids preferred shallow, turbulent water 
conditions in the immediate back-reef environment. Racki (1992) envisaged 
Stringocephalus inhabiting marginal shoal environments in the early-middle Givetian of 
Poland. 
3.8 Molluscs 
The molluscs include both bivalves and gastropods, and throughout this study no formal 
identification has been made of these beyond class level. Both bivalves and gastropods are 
common. 
The gastropods range in size from 3mm up to 35mm long. They are typically 
neomorphically altered to calcite, since they originally had an aragonitic shell; however, 
there are also examples of bi-minerallic shells. In the field the gastropods are found as 
monospecific assemblages or are in 'nests' together with rare bivalves, solitary corals and 
Amphipora branches. 
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Environmental significance: Gastropods are tolerant of continental, fresh-water, brackish, 
normal-marine and hypersaline conditions (Heckel, 1972; Fig. 3-16), suggesting they are 
not very good environmental indicators unless careful identification is made. However, as 
Heckel (1972) pointed out, where gastropods are very abundant in monospecific 
assemblages with few or no other fossils, this can indicate either hyper- or hypo- saline 
environments. 
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Figure 3-16 Modern distribution of major fossilisable nonvertebrate groups relative to salinity. 
Thickness of bar roughly reflects diversity of taxa (from Heckel, 1972). 
The bivalves are not as common as gastropods in the study area. When identified they 
reach up to 15mm in length and are always found with the valves disarticulated and often 
broken. Once again the bivalves were originally aragonitic in nature and are now 
neomorphically altered to calcite. They tend to be reworked into bed-parallel 
accumulations, and are rarely found with other macro-fossils. 
Environmental significance: The bivalves are not found in life position, therefore 
determining their ecological niche is somewhat difficult. They are not often found with 
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Other macrofossils, so it is suggested that they inhabited restricted conditions within the 
lagoon. 
3.9 Others 
Crinoid ossicles are common constituents in immediate back-reef, reefal and open-marine 
facies of the Middle and Upper Devonian. Commonly they are extensively reworked and 
broken up and are therefore rather small, on average 2 to 5mm diameter. They are never 
found in Hfe position. In thin section they often have pitted and abraded edges and 
commonly display syntaxial calcite overgrowths (Fig. 3-17). The crinoid stems are 
associated with both low and high energy facies. 
Environmental significance: Crinoids are tolerant of normal or near-normal marine 
conditions and therefore provide useful environmental indicators. They appear to thrive in 
both calm and turbulent waters. They were rare in restricted lagoonal environments. 
Tentaculites, bryozoans and trilobites are all very rare in the limestones studied. They 
dominate normal marine environmental conditions and are generally associated with calm, 
low-energy waters. 
3.10 Palaeoecological reconstruction 
The previous Sections have introduced the principal faunas and floras present in the study 
area. Using the inferred ecological habitats of these fossils it is therefore possible to 
reconstruct the palaeoenvironmental setting for the Middle and Upper Devonian. Figure 3-
18 displays how the main fossil groups are distributed. 
In the highly restricted lagoons leperditiid ostracodes, gastropods and calcispheres were 
present. The restricted lagoons hosted a large abundance of floras: Dasycladaceae, 
Codiaceae, Girvanellids, Hedstroemids, and Renalcids. There is also a rich microfossil 
assemblage of parathuramminid forams, calcispheres, and ostracodes. Rare macrofossils 
include Amphipora, bulbous stromatoporoids, thamnoporoids, and molluscs. 
The high-energy back-reef and reef environment was a home to many robust macrofossils 
including laminar stromatoporoids, domal and larger bulbous stromatoporoids, branching 
stromatoporoids (i.e., Stachyodes), corals, Stringocephalus brachiopods, molluscs and 
crinoids. Wetheredellids and Renalcids group algae are also common. 
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These faunal associations can further be used in conjunction with sedimentological features 
to devise a microfacies scheme for the Devonian back-reef and lagoonal environments of 
western Europe. These concepts will be discussed in Chapter 4. 
Chapters • 59 
Palaeoecology 
4 
Figure 3-17 Photomfcrographs of a crinoid ossicle (arrow) displaying syntaxial calcite 
overgrowths (C). Note the optical continuity of the calcite in crossed polarised light 
Sample number FL15, Froid Lieu quarry, southern Belgium. Scale bars = 1mm. 
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4. Microfacies analysis 
The Givetian and Frasnian lagoonal carbonates of western Europe have been studied with 
respect to facies characteristics by many authors (see Table 4-1). Although, individually, 
the microfacies schemes offered by these authors are very detailed and well-argued, it is 
important in this thesis that a complete microfacies scheme is used covering both the 
lagoonal facies present in the broad shelf lagoon and those present in the isolated platforms 
(atolls). Therefore, Chapter 4 aims to synthesise the observations made in the field areas 
and presents a composite microfacies scheme for both palaeogeographic situations. 
This Chapter also presents a microfacies scheme for the ramp setting which developed 
prior to the shelf lagoon. These facies often provided the stable base on which the shelf 
complexes developed (see Chapters 2 and 5 for a more detailed discussion). It was 
important to make a distinction between ramp and shelf microfacies schemes since these 
platform geometries, together with many other factors, dictated which depositional 
environments were present. As the ramp facies were not the primary objective of study for 
this thesis, they are not described in as great detail as the shelf facies. 
Area of study References 
Belgian Ardennes Preat and Kasimi, 1995 
Preat and Carliez, 1994 
Boulvain etal, 1994 
Casier and Preat, 1991 
Preat and Mamet, 1989 
Preat, 1989 
Preat and Boulvain, 1988 
Boulvain and Preat, 1987 
Preat a/., 1987 
Preat and Boulvain, 1982 
Rhenisches Schiefergebirge Hering, 1994 
Hong, 1992 
Machel, 1990a 
Stadter and Koch, 1987 
Wilder, 1985 






Table 4-1 Previous work published on the Givetian and Frasnian lagoonal carbonates in the study 
area with respect to facies descriptions. 
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Area of study References 
Torbay Reef Complex, England Garland era/., 1996 







Table 4-1 continued. 
The logging, sampling and thin-section techniques used in this study are discussed in detail 
in Chapter 1. Appendix 1 presents the thin-section information obtained during this study 
and the reader is asked to refer to Appendix 2 for logged sections which encompass both 
field observations and thin-section information. Comparisons are made with the Standard 
Microfacies Types of Wilson (1975) and Fliigel (1982) (Fig. 4-2). In total, 30 Givetian and 
Frasnian successions were logged in Southwest England, northern France, southern 
Belgium and western Germany (Fig. 4-1) and 549 thin sections or acetate peels were 
examined to provide the basic observational information needed to produce the 
microfacies schemes presented in this Chapter. 
Finally, an atias of microfacies photomicrographs are presented in Enclosure One. 
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s e a margin buildup edge open 
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i 1 j Spiculite. Dark clayey mudstone or wackestone, organic-rich, or 
i siliceous spiculitic calcisiltite. 
i Basinal, deep water, with slow 
i sedimentation. i 
12 i Microbioclastic calcisiltite. Fine-grained grainstone or packstone. 
i Small scale ripple cross-lamination. 
i Open sea shelf near the lower 
i slope. i 
i 3 i Mudstone and wackestone. Pelagic microfossils and megafaunas. i As 1 and 2. i 
i ^ i Microbreccia or bioclastic-lithoclastic packstone. Graded, rounded i Fore-slope talus, resedimented 
\ 5 i Grainstone-packstone or floatstone with bioclasts of reef. i Reef flank facies. i 
i 6 i Reef rudstones, no matrix material. i Debris from the reef - commonly in | 
i high-energy zone. 
i 7 i Boundstones, framestones, bindstones, bafflestones. i Reef i 
i 8 i Wackestone with whole organisms. Well-preserved infauna and i Shelf lagoon with circulation, low- i 
i epifauna. i energy water below normal wave- i 
i base. j 
i 9 i Bioclastic wackestone. Fragments of diverse organisms, 
: bioturbated. 
i Shallow waters with open j 
i circulation close to wave base. 1 
i 10 ! Packstone - wackestones with coated and abraded bioclasts. i High-energy environment particles 
i moving down slopes to lower- i 
i energy settings. 1 
1 11 j Grainstones with coated bioclasts, in sparry cement. j Areas with constant wave action at i 
i or above wave base. i 
i 12 ! Coquina, bioclastic packstone, grainstone or rudstone. Certain 
I organisms dominate. 
i Slopes and shelf edges. i 
i 13 i Oncoid (biosparite) grainstone. i Moderate to high-energy areas, 
\ very shallow waters. i 
i 14 1 Lags. Coated and rounded particles, mixed with ooids and peloids. i Slow accumulation of coarse i 
i May be blackened and iron-stained. Thin beds. i material in zone of winnowin^g. i 
i 15 ! Oolites of well-sorted ooids. Cross bedded. i High-energy environment on oolite i 
: shoals, beaches and tidal bars. 
1 1^ i Grainstone with peloids. Faecal pellets, in places mixed with i Shallow water with only moderate 
i ostracode tests or forams. 1 water circulation. i 
i 17 i Grapestone, pelsparite or grainstone with aggregate grains, isolated 
i and agglutinated peloids, some coated jgrains. 
j Shelf with restricted circulation 
; and tidal flats. 
i 18 i Foraminiferal or dasycladacean grainstones. j Tidal bars and channels of lagoons, j 
1 19 j Fenestral, laminated mudstone - wackestone, grading rarely into 
i pelsparite with fenestral fabrics. Ostracodes and peloids, sporadic 
i forams, gastropods and algae. 
i Restricted bays and ponds. i 
: 20 i Microbial stromatoUte mudstone. i Commonest in the intertidal zone. 
i 21 ! Spongiostrome mudstone. Convolute microbial fabric in fine-
i grained micrite lime mud sediment. 
i Tidal ponds. i 
i 22 i Micrite with large oncoids, wackestone or floatstone. i Low-energy environments, shallow i 
i water, back-reef; often at the edges i 
i of ponds or chaimels. 
i 23 i Unlaminated, homogenous, unfossiUferous pure micrite; evaporite i HypersaUne tidal ponds. 
i 24 i Rudstone or floatstone with coarse Hthoclasts and bioclasts. Clasts 
i usually consist of unfossiliferous micrite; may be imbricated or 
i cross bedded, sparse matrix. 
i Lag deposit in tidal channels. i 
Figure 4-2 Standard Microfacies Types of WUson (1975) and Fliigel (1972,1982). Table reproduced 
from Tucker and Wright (1992). 
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4.1 Ramp microfacies 
Shallow water carbonates were deposited in the study area from early Middle Devonian 
(Eifelian) times (see Section 2.2.3). The transition from clastic to carbonate deposition 
reflected the northward transgression of marine facies over the Old Red Continent (Krebs, 
1974). Carbonate deposition was initiated in a homoclinal ramp or bank setting, where a 
slight slope existed with no true barrier or topographic differentiation (Krebs, 1974; Preat 
and Kasimi, 1995). Subsidence during this period of deposition was uniform and slow 
(Krebs, 1971). In the Rhenisches Schiefergebirge area of Germany, these bank facies are 
known as the 'Schwelm' facies; in the Belgian Ardennes they are represented by the 
Hanonet and lower Trois Fontaines Formations and in Southeast Devon, England they are 
represented by the Denbury Crinoidal Limestone (see Figure 2-3). Due to the transgressive 
nature of these deposits, the ages of the successions differ. In the southern-most parts of 
the study area (SW England and southern Belgium) the ramp facies are late EifeUan and 
early Givetian in age; yet further north in the Rhenisches Schiefergebirge the Schwelm 
facies are middle to late Givetian in age. The ramp facies generally consist of homogenous 
successions of dark, fossiliferous, well bedded, bioclastic carbonates. Stromatoporoids, 
corals, crinoids, brachiopods and molluscs are all locally abundant. Ramp facies were not 
extensively studied for this thesis. Successions at Glageon, Bellignies-Bettrechies, 
Resteigne, Olloy-sur-Viroin, Froid Lieu, Walheim Southern Limb, Hanielsfeld and 
TeerstraBenbau quarries (see Figure 4-1 for locations and Appendix 2 for logs) were 
logged and sampled to determine a very generalised microfacies scheme. For more detailed 
work on these carbonates the reader should refer to the publications suggested in Table 4-
2. 
Area of study References 
Rhenisches Schiefergebirge Krebs, 1974 
Krebs, 1971 
Krebs, 1968 
Belgian Ardennes Preat and Kasimi, 1995 
Boulvain et al, 1994 
easier and Preat, 1991 
Preat, 1989 
Torbay Reef Complex, England Selwood etal, 1984 
Scrutton, 1977a 
Scrutton, 1977b 
Table 4-2 Suggested published work documenting Middle Devonian ramp facies. 
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Logging of the 8 successions, consequent sample collection and thin-section analysis has 
identified 7 major ramp microfacies (Rl to R7). Rl represents the deepest subtidal 
microfacies and R7 represents the shallowest microfacies. Section 4.1.8 synthesises these 7 
depositional environments and proposes a composite environmental reconstruction. 
4.1.1 R l microfacies - bioturbated wackestones 
Fossiliferous mudstones and wackestones with whole organisms characterise microfacies 
R l . This microfacies is the most common ramp facies identified in the study area and is 
present in most successions logged. This facies is usually very well bedded, with planar 
beds ranging between 3cm and 171cm in thickness, averaging 10 to 30cm. A rich open-
marine faunal assemblage is present, including abundant crinoids, gastropods, bivalves, 
brachiopods, trilobites and solitary corals. Many of these shells are concentrated in small 
nests, or are scattered throughout the bed. The larger faunas (gastropods, bivalves) are 
often unbroken. However, shelly, bioclastic material is associated with the matrix phase. 
The matrix is a dark grey colour, micritic, usually thoroughly bioturbated and often marly, 
friable and argillaceous (Fig. 4-3a). Rarely the facies are dolomitised (Glageon and 
TeerstraBenbau quarries), or slightly nodular (Walheim Southern Limb section). Large 
scale sedimentary structures such as cross bedding are not present. 
In thin section, parathuramminid forams, small ostracodes, brachiopod spines, bryozoans, 
tentaculitids, trilobites and rare dasycladacean algae can also be identified. Peloids are not 
a common constituent. Crinoids are the most common bioclast, being 2mm in diameter on 
average. Syntaxial cements are not developed. Brachiopods are usually very thin shelled 
and have both crenulated and smooth shells. Ostracodes are a very common bioclastic 
component also. They are often very well preserved, being less than 0.5mm in length with 
valves still articulated. Gastropods and bivalves were originally aragonitic in nature and 
therefore are now recrystallised to calcite spar. Gastropods are locally abundant and are 
commonly very small (less than 10mm in length). Bivalves are sometimes bi-mineralic: in 
nature and are often disarticulated. Tentaculites, bryozoans and trilobites are rare. The 
matrix associated with microfacies R l is micritic, not peloidal and often dolomitised or 
recrystallised to calcite microspar. Bioturbation is very common. Sometimes it occurs in 
discrete patches and is picked out by dolomitisation, or the matrix is thoroughly 
bioturbated resulting in a homogenised micrite. Often the matrix is clay-rich and 
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argillaceous. Marine fibrous cements are sometimes precipitated inside the chambers of 
gastropods. Rarely bioclasts are aligned, or bivalve shells are in a hydraulically stable 
position suggesting storm reworking. 
Depositional environment: The presence of a fully open-marine assemblage of faunas is 
suggestive of an open-marine depositional environment. The micritic matrix and well 
preserved bioturbation structures indicate deposition well below normal wave base. 
Storms occasionally impinged into this environment, therefore an environment at or just 
below storm wave base is likely (see Figure 4-3a and Section 4.1.2). Similar microfacies 
have been identified by Casier et al. (1992) and Preat and Kasimi (1995) in the Belgian 
Ardennes and an open-marine environment below or at storm wave base has been 
suggested. 
4.1.2 R2 microfacies - bioclastic packstones 
Bioclastic packstones are represented in the Glageon, Bellignies-Bettrechies, 
TeerstraBenbau, Olloy-sur-Viroin, Resteigne and Walheim Southern Limb successions and 
is a very common microfacies. Bed thickness ranges from 4cm to 147cm, yet is more 
commonly 20cm to 50cm in thickness. The bedding is usually planar and laterally 
persistent, with sharp bases. A rich faunal assemblage of crinoids, brachiopods (including 
stringocephalids), corals (mainly solitary, or the colonial thamnoporoids) and bivalves is 
present. Gastropods and branching stromatoporoids are rare constituents. Many of the 
bioclasts are broken and disarticulated. Unidentifiable shell hash is a common constituent 
in the matrix phase. The matrix is mainly micritic in nature, although a mix of spar and 
matrix is not uncommon. Sedimentary structures are common in this facies. Graded 
bedding is especially common, where accumulations of bioclasts at the base of a bed grade 
into a relatively bioclast-free facies. Bioclasts are often in a hydraulically stable position 
and/or concentrated in discontinuous lenses. Cross bedding or lamination is sometimes 
identified. 
Thin-section analysis also identifies ostracodes, brachiopod spines, forams and bryozoan 
and trilobite bioclasts. Peloids are also common grains. All bioclasts are very fragmented, 
on average 1mm to 5mm in diameter/ length. Crinoids and brachiopods are the most 
prevalent bioclasts; crinoids are commonly broken into 1mm bioclasts, whereas several 
species of brachiopod are broken into l-4mm long bioclasts. Brachiopods are often aligned 
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parallel to each other and in a hydraulically stable position. Micrite envelopes are rare. 
Bivalves are also broken into l-3mm long bioclasts and sometimes have a micrite 
envelope. The matrix is mostly micritic in nature, yet in many samples recrystallisation to 
calcite microspar or dolomitisation is extremely common. Preserved bioturbation 
structures are uncommon. The matrix is rarely peloidal. 
Depositional environment: The varied fauna preserved in microfacies R2 suggests an 
open-marine depositional environment. The presence of graded bedding, lenses of bioclast 
lags and bioclasts which are preserved in a hydraulically stable position indicate deposition 
above storm wave base (Tucker and Wright, 1992). The graded beds could well have been 
deposited by storms, yet they lack the characteristic erosional bases (although they do have 
sharp bases) and sole structures were not identified. Deposition is likely to have been distal 
in nature since no hummocky cross stratification or swaley cross stratification is seen. 
Marly shales with a full open-marine assemblage have been identified at Walheim Southern 
Limb section in Germany (Fig. 4-3a; Section A2.30). These marls are interbedded with 
bioclastic packstones of R2 microfacies affinities and represent a unit approximately 4m 
thick known as the 'Grenzschiefer'. These alternating marly shales and bioclastic limestones 
are thought to be turbiditic in origin (Meischner, 1964; Kasig, 1980; Kasig and Wilder, 
1983). In the Belgian successions the facies are likely to have been storm-derived. 
Microfacies R2 is equivalent to Microfacies 2 of Preat and Kasimi (1995), where 
deposition within the zone of storm-wave action is envisaged. 
4.1.3 R3 microfacies - stromatoporoid floatstones 
Stromatoporoid, or stromatoporoid-coral floatstones are represented in the Bellignies-
Bettrechies, Glageon and Hanielsfeld quarries. This facies is very easy to identify in the 
field, due to the presence of recognisable, large macrofaunas. The strata are generally well 
bedded, range from 12cm to 110cm in thickness, commonly being about 50cm in 
thickness. The limestones generally display a floatstone texture, variably composed of 
laminar stromatoporoids, domal stromatoporoids, branching stromatoporoids, corals (both 
solitary and colonial), gastropods, crinoids, brachiopods (including stringocephalids) and 
bivalves. The faunas rarely construct recognisable 'bioherms'. Stromatoporoids are variable 
in size; laminar stromatoporoids can reach up to 450mm long, with domal stromatoporoids 
being 240mm in diameter. Laminar stromatoporoids appear to dominate. Corals are mainly 
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branching colonial types and some are thamnoporoids; however, colonies reaching 410mm 
in diameter are not uncommon. Faunas with reef-building abilities (i.e., the 
stromatoporoids and corals) are rarely preserved in life position. Solitary corals, 
brachiopods, molluscs and crinoids are all associated with the matrix phase (because of 
their relatively small size); however, they are probably more abundant volumetrically than 
the stromatoporoids and colonial corals. Some crinoids reach up to 7mm in diameter at the 
Hanielsfeld quarry; however, they are more commonly 2-3mm in diameter. The matrix is 
micritic in nature, bioturbated and often quite clay-rich and argillaceous. In thin section 
small broken-up shelly material is also present in the micritic matrix. Often the matrix is 
neomorphically altered to microspar, or dolomitised to fine-grained dolomite. No large-
scale sedimentary structures have been identified in this facies. 
Depositional environment: Microfacies R3 contains faunas which are open-marine in 
nature. The bioconstructers (stromatoporoids and corals) are not found in life position. 
However, they are not very broken-up suggesting little transportation and moderate-
energy environments. The dislodging and accumulation of these stromatoporoids and 
corals may have been storm related. The matrix is, or was originally, micritic. These 
stromatoporoid floatstones were probably deposited in low- to moderate-energy marine 
environments (mid ramp). No large-scale cross bedding has been identified, which may 
have suggested higher-energy conditions and the matrix is micritic, suggesting little 
attrition and washing away of the hme mud. This facies has been widely described in the 
Devonian literature. Krebs (1974) recognised these stromatoporoid-coral-brachiopod 
facies in the Schwelm facies of the Rhenisches Schiefergebirge area. Boulvain et al. 
(1994), Preat and Kasimi (1995) and Kasimi and Preat (1996) all recognised this facies in 
the EifeUan to lower Givetian of the Belgian Ardennes and suggested shallow-marine 
depositional systems. 
4.1.4 R4 microfacies - oolitic/peloidal/bioclastic grainstones 
Microfacies R4 consists of grainstone facies. This microfacies can be refined into 3 
subfacies. Microfacies R4a consists of oolitic grainstones, R4b of peloidal grainstones and 
R4c of bioclastic grainstones. On the whole, microfacies R4 is not common within the 
logged successions and is only identified at Glageon, Bellignies-Bettrechies and Froid Lieu 
quarries. 
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4.1.4.1 R4a microfacies - oolitic grainstones 
Oolites dominate this R4a grainstone microfacies. This microfacies is very distinctive in the 
field and has been identified at both the Glageon and Bellignies-Bettrechies quarries. The 
rock has a very sugary texture in hand specimen and commonly lacks discemible 
macrofaunas. Ooids are distinct in hand specimen and sometimes reach up to 0.5mm in 
diameter. Peloids, broken-up bioclastic material and intraclasts are also common. Most 
grains are spherical or oval in shape and where a long axis is distinct no alignment is 
apparent. Bedding is mostly planar and ranges from 9cm to over 150cm. 
Thin-secfion analysis shows that ooids are 0.1mm to 0.5mm in diameter. The overall 
texture of the rock is often very well sorted. Ooids range in shape from perfectly spherical 
to elongate (Fig. 4-3b). Rarely, several generations of ooid can be identified. Most ooids 
are superficial, having only one laminae. The laminae are mainly isopachous (~0.05mm 
thick); however, some ooids display lamina with asymmetric thicknesses. Both radial and 
concentric textures are well developed in the laminae. In crossed polarised light, ooids 
display a distinctive 'cruciform' extinction pattern. Some 'normal' ooids are seen, having 
two or three identifiable laminae. Compound ooids are also locally abundant (Fig. 4-3c). 
The nucleus of the ooids is commonly a peloid, small broken-up bioclasts and rarely 
Girvanella or another ooid. The shape of the ooid is often determined by the morphology 
of the nucleus (Fig. 4-3b). Ooids are also associated with other grains, mainly peloids, 
lithoclasts and broken-up bioclasts. Peloids are especially common and bioclasts often 
possess a micrite envelope. 
The matrix to this facies is always sparitic, with several generations of cement. Grains with 
long axes are rarely aligned and no lamination or graded bedding has been identified. 
Depositional environment: Oolitic grainstones are common in moderate to high-energy 
environments with constant wave action. Modem-day ooids form in several different 
situations, including shoals on the Bahama platform, tidal deltas in the Arabian Gulf, lakes 
in the Great Salt Lake Utah and foreshore zones along the Yucatan shoreline in Northeast 
Mexico (Halley, 1977; Tucker, 1991). Water depths are usually less than 5m, yet can be as 
deep as 15m (Tucker, 1991). 
The oolitic grainstones studied in the Glageon and Bellignies-Bettrechies quarries do not 
display any cross-bedding. The nucleus of many of the ooids is bioclastic and composed 
Chapter 4 • 71 
Microfacies 
mainly of molluscan material. This may suggest that the source for these nuclei may have 
been slightly restricted in nature, since there is no typically 'open-marine' faunas providing 
a nucleus. A large percentage of the ooids are superficial in nature, which Dling (1954) 
argued represents relatively low-energy environments. Bathurst (1967) also recognised 
thin carbonate films on sand-grade grains in low-energy environments of the Bahama 
Banks. Although these films would not be preserved, they may illustrate incipient ooid 
formafion (Fliigel, 1982). The presence of compound or composite ooids can be indicators 
of a break in deposifion (Fliigel, 1982). The strong radial-fibrous structure preserved in the 
ooids is also apparently characteristic of quiet-water ooids, where there may be salinities 
deviadng from normal marine values (Flugel, 1982). This evidence points towards 
microfacies R4a being a low-energy deposit. However, the matrix of these oolites is 
sparitic, suggesting a higher-energy environment. This presents a paradox where 
apparently calm-water peloids are in a moderate- to high-energy deposit. 
I suggest these relatively thin ooid accumulations represent small, laterally inpersistent 
sand banks within the moderate-energy, ?slightly restricted, subtidal zone. Interestingly, 
Preat and Kasimi (1995) examined the oolitic grainstones from the same successions and 
suggested an intertidal environment, due to the presence of keystone vugs. The samples 
examined in this study have not yielded any evidence for intertidal conditions. 
4.1.4.2 R4b microfacies - peloidal grainstones 
Peloidal grainstones, with a variable bioclastic component, characterise microfacies R4b. 
At outcrop scale these rocks are fairly well bedded, ranging from 14cm to 40cm in 
thickness. A sugary or grainy texture, as with the oolitic grainstones, is identifiable. No 
large-scale sedimentary structures (cross bedding, graded bedding) can be identified. 
Macrofossils are uncommon. This faces can be identified at the Bellignies-Bettrechies and 
Glageon quarries. 
In thin section peloids are the most common grain. They are subspherical or oval in shape 
and on average 0.1mm to 0.3mm in diameter. They are commonly fairly well sorted. Most 
peloids have a microcrystalline fabric, with rare cyanobacterial inclusions. Some peloids 
are micritised grains, discernible by the elongate shape and incomplete micritisation; some 
still have a bioclastic centre. The peloids do not exhibit regular stripes or intemal patterns. 
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Where peloids do have a long axis, alignment is apparent in some situations. Also 
associated with the peloids are broken-up bioclasts, algae and cyanobacteria. These include 
crinoids, Girvanella, Wetheredella, parathuramminids, ostracodes, brachiopods, branching 
stromatoporoids, gastropods and bivalves. These grains are variably micritised; the 
bivalves and gastropods appear to be preferentially affected by microbial micritisation. 
Small micritic lithoclasts and ooids are rare components of this microfacies. 
The matrix to the peloidal grainstones is usually sparitic; however, variable amounts of 
micrite can also be present. Often no early marine cements are present and cements are 
generally of a very fine-grained calcitic nature. 
Depositional environment: Peloids are conunon constituents of many carbonate rocks. 
The origins of peloids are numerous, including faecal, algal and recrystallised 
ooids/bioclasts (Flugel, 1982). The lack of intemal fabric to many of these peloids, their 
subspherical shape and shear abundance would suggest a faecal origin. These could be 
produced by gastropods, ostracodes, worms, brachiopods or bivalves, all of which are 
associated with the sediment. Algal or cyanobacterial peloids are also probably present, 
though in a much smaller abundance. These peloids are more irregularly shaped and have 
more diverse sizes. Some of the peloids which display an elongate oval shape are cortoids. 
These are strongly micritised bioclasts. 
Peloids are common constituents of many Recent subtidal and shallow intertidal 
environments (Flugel, 1982). The presence of broken-up, micritised grains suggests an 
environment where there is persistent winnowing. SMF 16 of Wilson (1975) adequately 
describes this microfacies and suggests environments with shallow water, yet only 
moderate circulation (Tucker and Wright, 1992). Therefore it is likely that microfacies 
R4b was deposited in a moderate-energy, marine (because of the varied associated faunal 
assemblage) environment. 
4.1.4.3 R4c microfacies - bioclastic grainstones 
Bioclastic grainstones are rare in the study area. They have only been identified in 
Glageon, Froid Lieu, Walheim Southern Limb and Bellignies-Bettrechies quarries and are 
very localised accumulations. They range from 36cm in thickness to 90cm in thickness. 
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The bioclasts are often extremely broken-up and are rarely identifiable in hand specimen, 
although crinoids, brachiopods and corals are sometimes discemible. 
Thin-section analysis identifies a varied faunal assemblage. This includes brachiopods, 
brachiopod spines, bivalves, crinoids, stromatoporoid debris, corals and gastropods. 
Peloids are also a common grain. Most of the faunas are invariably broken into bioclastic-
material 2-4mm in length. Crinoids are common constituents, being on average 1mm to 
4mm in diameter and displaying syntaxial cements (see Fig. 3-17). Brachiopods are also 
abundant, as are brachiopod spines which can reach up to 3mm in length (Fig. 4-3d). 
Much of the molluscan material is recrystallised because of its original aragonitic 
mineralogy and possesses a micrite envelope. The bioclasts are sometimes aligned parallel 
to each other, but this is not always the case. Peloids are generally subspherical in shape 
and are faecal in origin. The matrix to this facies is sparitic with several generations of 
cement being identified. Apart from rare isopachous cements around peloids in Walheim 
Southern Limb quarry, no early marine cements have been identified. However, syntaxial 
cements are common around crinoids and dmsy and equant cements are also present. 
Depositional environment: The varied faunal assemblage present in this facies suggests an 
open-marine depositional environment. Most of the bioclasts are broken-up and were 
probably intensively winnowed. The sparitic matrix suggests moderate- to high-energy 
environments where any remaining lime mud/micrite would have been washed out. The 
high percentage of brachiopod spines may also suggest a high-energy environment, since 
brachiopods often possess spines to stabilise themselves in a mud or grainy substrate 
(Clarkson, 1986) . The spines have not been extensively reworked or broken, suggesting 
little transportation or attrition. Wilson (1975) suggests deposition of SMF 11 microfacies 
in a winnowed platform where there was constant wave action at or above wave base. 
Boulvain et al. (1994) and Preat and Kasimi (1995) have studied similar facies in northem 
France and have suggested a similar shallow open-marine environment above wave base. 
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5 m 
Figure 4-3 a) Interbedded green-grey marly shales (microfacies R l ) and bioclastic 
limestones (microfacies R2). Photograph taken at the Walheim Southern Limb sectron, 
Aachen, Germany. Hammer is 42cm long for scale, b) Photomkrograph of very 
fine-grained oolitic grainstone. R4a microfacies. Most ooids are superficial with only 
one lamina (arrows). Sample number GL17, Glageon quarry, northem France. Scale 
bar = 1mm. c) Photomicrograph of R4a microfacies. Compound ooid with several 
micritic and oolitic laminae. Note oval shape of final ooid. Sample BB12. 
Bellignies-Bettrechies quarry, northem France. Scale bar = O.Smm. d) 
Photomicrograph of bioclastic grainstone, microfacies R4c Note presence of crinoids 
(C), recrystallised mollusc material with micritic rims (M) and abundance of 
brachiopod spines (B). Sample number GL15, Glageon quarry, northem France. Scale 
bar = 5mm. Also refer to Enclosure One 
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4.1.5 R5 microfacies - gastropod/bivalve waclcestones 
Mudstones and wackestones containing sparse mollusc faunas characterise microfacies R5. 
This facies is not very common having only been identified in the Bellignies-Bettrechies 
quarry. In the field this facies is well bedded, with thickness ranging from 9cm to 67cm. 
Both gastropods and bivalves are common in small nests or lenses. Gastropods are on 
average 10mm in length and bivalves 10-20mm long. Most bivalves are articulated and 
gastropods are not broken up. Rare solitary corals are the only other macrofaunas 
associated with this facies. The matrix consists of bioturbated micrite. 
Depositional environment: The presence of only molluscs suggests that environmental 
conditions may be slightiy restricted (Heckel, 1972). This depositional environment is low-
energy, below wave-base, based on the micritic matrix and well-preserved faunas. Similar 
facies have been described by Preat and Kasimi (1995), where an open lagoonal 
environment was suggested. This facies also typifies the standard microfacies type (SMF) 
8 of Wilson (1975), where well-circulated shelf lagoons are envisaged. 
4.1.6 R6 microfacies - leperditicopid ostracode paclcstones 
Wackestones and packstones containing leperditicopid ostracodes characterise microfacies 
R6. In this present study microfacies R6 has only been found at the Bellignies-Bettrechies 
succession. However, studies by Casier et al. (1995) and Preat and Kasimi (1995) have 
identified this facies at two other successions in France. At outcrop scale bedding ranges in 
thickness from 14cm to 37cm and is generally planar. The ostracodes are very 
conspicuous, being thin-shelled and up to 10mm long. Sometimes they can be seen as bed-
parallel lenses and accumulations; however, more often the ostracodes occur articulated in 
dense monospecific nests. The ostracodes often provide useful geopetal information with 
their shells being part micrite- and part spar-filled. Rare gastropods are associated also 
with this facies-type. 
In thin section, the leperditicopid ostracodes are very well preserved, with both valves still 
joined and fibrous cements precipitated inside (Fig. 4-4a, Fig. 4-4b). Mechanical 
compaction has sometimes broken the valves in situ. Again, leperditicopid ostracodes 
dominate the bioclasts; however, smaller ostracodes are locally common, as are 
dasycladacean algae and cyanobacteria. Other grains include peloids and rare ooids. The 
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matrix is both sparitic and micritic. The micrite is peloidal and bioturbated. No sedimentary 
structures are present, apart from the alignment of bioclasts parallel to bedding. 
Depositional environment: Leperditicopid ostracodes are indicative of highly restricted 
environmental conditions (see Section 3.4.1; Benson, 1961; Berdan, 1968; Braun and 
Mathison, 1986; Casier et al., 1995). This suggests that periodically small restricted bays 
were established for these faunas. Casier et al. (1995) envisaged a bay completely cut-off 
from the open-marine realm. The sediments provide no evidence of exposure (i.e., mud 
polygons, birdseye fenestrae, palaeosols), and the presence of a micritic matrix and the 
superb preservation of the ostracodes suggest low-energy waters. However, the localised 
alignment of ostracodes suggests occasional reworking by waves/storms/currents. There is 
no evidence of hypersalinity. 
4.1.7 R7 microfacies - laminated dolomudstones 
Very fine-grained dolomudstones characterise microfacies R7. This microfacies has only 
been identified at the Bellignies-Bettrechies and Glageon successions (Sections A2.3 and 
A2.10) and is relatively rare. At the outcrop scale the dolomudstones are thinly bedded, 
ranging from 5cm to 20cm in thickness. They are always unfossiliferous, and often 
laminated with some laminae being contorted (Fig. 4-4c). Bioturbation sometimes disturbs 
lamination. 
In thin section it is apparent that lamination is due to the percentage of opaque or clay 
minerals in the matrix and not to grain-size variations. The dolomite is mostiy fabric-
retentive. Crystals are very fine-grained, commonly less than 0.05mm in diameter and have 
both xenotopic and idiotopic mosaics. Anhedral and euhedral crystals are both common. 
Coarser-grained dolomite is present in discrete diamond- or lozenge-shaped patches, 
0.5mm in diameter. 
Depositional environment: This facies was probably originally micritic in nature since it 
has been dolomitised to a fine-grained mosaic and primary sedimentary structures have 
been preserved. The coarser-grained dolomite could either be related to i) the volume 
decrease associated with the dolomitisation process producing cavities in which dolomite 
cements was precipitated, or ii) dissolution and replacement (pseudomorphing) of an 
evaporite (gypsum/anhydrite) crystal. The facies appears unfossiliferous, which suggests 
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Figure 4-4 a) Microfacies R6, leperditicopid wacliestones. Tlie leperditicopid 
ostracodes are thin-shelled yet remarkably well preserved. Sample number BB6, 
Bellignies-Bettrechies quarry, northern France. Scale bar = Smm. b) 
Photomicrograph in crossed-polarised light to show the radial-fibrous calcite cements 
mside the ostracode test The fibrous calcite crystals are on average 0.4mm long and 
are columnar in form. Burial baroque dolomite is also present as a cavity fill Scale bar 
= 2mm. c) Microfacies R7, dolomudstones. Note slightly contorted laminae, which are 
possibly stromatoUtic in nature. Bellignies-Bettrechies quarry, northern France. Com 
2cm diameter for scale. Also refer to Enclosure One-
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that environmental conditions were not suitable to support faunas. However, since these 
rocks have been dolomitised it is possible that microfossils may have been present and later 
dolomitised with littie fabric-retention. The lack of body-fossils could suggest restricted 
circulation, anoxia, or exposed conditions. Similar facies have been identified by Casier et 
al. (1995) in the Devonian in northern France and Morrow and Labonte (1988) in the 
Devonian of Northwest Territories in Canada, where intertidal or supratidal environments 
were envisaged. This facies is also extremely similar to Lower Palaeozoic dolostones of 
the North China Platform, where a tidal flat environment was suggested (Feng and Jin, 
1994). The lamination may represent original microbial mats, yet the microscopic detail 
has now been destroyed by the dolomitisation process. The contorted laminae may indeed 
represent small stromatolitic structures. The presence of possible evaporite pseudomorphs 
would also support this elevated depositional environment. 
4.1.8 Environmental reconstruction 
The microfacies described in Sections 4.1.1 to 4.1.7 were all deposited in a ramp setting 
where there were small restricted embayments, as recorded by microfacies R5 and R6. 
Figure 4-5 presents an environmental reconstmction for this ramp setting. The ramp was 
thought to be a homoclinal ramp where there was a relatively uniform slope from coast to 
basin (Preat and Kasimi, 1995). This ramp was influenced by storms and may have been of 
a beach barrier-lagoon system which would account for the restricted R5 and R6 facies. 
Oolitic, peloidal and bioclastic grainstones were deposited as impersistent sand banks 
around fair-weather wave-base where there was constant attrition. In shghtiy deeper 
waters, between normal and storm wave-base, microfacies R2 and R3 were deposited. 
Microfacies R2 represents skeletal debris derived from shallower waters and deposited in 
deeper waters through storm processes. Bioturbated mudstones and wackestones of 
microfacies R l were deposited near or just below storm wave base. 
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4.2 Lagoonal shelf microfacies 
This thesis concentrates mainly on the middle to upper Givetian and Frasnian lagoonal 
successions of western Europe. The sediments are almost entirely carbonate in nature and 
are deposited in two broad depositional settings: a vast shelf lagoon covering much of 
northern France, southern Belgium and Eifel areas of Germany and isolated carbonate 
complexes within the ^elf , on the shelf-edge rise and within the trough (Fig. 2-8). These 
lagoonal facies have been examined in 27 successions, as explained in Table 4-3. Since 
lagoonal facies were examined in different palaeogeographical settings, their ages differ 
(Fig. 4-6). Generally, lagoonal sedimentation is oldest in the southern part of the study 
area (southern Ardennes, SW England) and then transgressed in a northwards direction so 
that the youngest initiation of lagoonal sedimentation was in the latest Givetian (Balve). 
The carbonate complex at Langenaubach is the youngest in the study area. However, its 
development was strongly related to volcanic activity. Its position in the trough meant that 
it needed a stable, raised subsurface to develop upon. Therefore the carbonates were not 
established until volcanic activity (spilitic lavas and tuffs) had ceased (Burchette, 1981). 
Carbonate Complex List of logged successions 
Broad shelf lagoon (Belgium, Nismes quarry 
Germany and France) Dourbes quarry 
OUoy-sur-Viroin quarry 
Vaucelles quarry 
Cul d'Houille quarry 
Beauraing quarry 
Froid Lieu quarry 




Alt Breinig quarry 
TeerstraBenbau quarry 
Walheim section 1 
Walheim section 2 
Walheim Southern Limb 
Keldenich quarry 
Torbay Reef Complex (UK) Broadridge Wood quarry 
Linhay Hill quarry 
Rydon quarry 
Goodrington road cutting 
Brilon Reef Complex Bleiwasche quarry 
Bleiwasche road cutting 
Table 4-3 Table to show list of logged lagoonal successions in the study area. 
Chapter 4 • 57 
Microfacies 
Balve Reef Complex Oberrodinghausen quarry 
Attendom Reef Complex Heggen quarry 
Domap Reef Complex VoBbeck quarry 
Langenaubach Reef Complex Medenbach quarry 
Table 4-3 continued. 
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Figure 4-6 Stratigraphic column indicating ages of the carbonate complexes in the study area. 
Detailed logging of these 27 successions (Appendix 2), consequent sample collection and 
thin-section analysis (Appendix 1) has identified 25 sediment-types which represent 14 
major shelf lagoonal microfacies (SI to SI4). SI represents the 'least restricted' subtidal 
microfacies and S14 represents the 'most restricted' supratidal microfacies. These 14 
microfacies can be assigned to four microfacies groups: semi-restricted subtidal facies, 
restricted subtidal facies, restricted intertidal facies and restricted high intertidal-supratidal 
facies. The following Sections (Section 4.2.1 to 4.2.4) describe the microfacies in detail 
and Section 4.2.5 synthesises these observations and interpretations and presents an 
environmental reconstruction for the Givetian and Frasnian carbonate lagoons. 
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4.2.1 Semi-restricted subtidal microfacies group 
The term 'semi-restricted' suggests environmental conditions which were near normal-
marine, yet were not entirely open-marine, being restricted behind a barrier (usually 
stromatoporoid reefs). These facies are often richly-fossiliferous with domal, bulbous and 
branching stromatoporoids, colonial and solitary corals, brachiopods, crinoids and 
molluscs all being represented (see Chapter 3). This group of microfacies represents both 
high- and low-energy depositional environments, often in close proximity to the barrier 
reef complex. The semi-restricted subtidal microfacies are common within the shelf 
successions and represent 32% of the total thickness for all successions (Fig. 4-7). The 









Figure 4-7 Pie chart to show relative proportions of semi-restricted subtidal facies, restricted 
subtidal facies, intertidal facies and supratidal facies. Percentages are calculated with respect to 
total logged thickness. 
4.2.1.1 SI microfacies - Intraformational breccias 
The S1 microfacies is characterised by breccia deposition. Within the successions logged 
its presence is very rare, with only one sighting in Walheim Section One, at Aachen (see 
Section A2.28). At outcrop scale an abrupt erosional surface at the base of this facies is 
present (Fig. 4-8), which has an amplitude of up to 7cm. The breccia is mainly clast-
supported and poorly-sorted. Clasts are angular to subangular in shape and range in size 
from less than 1cm diameter to 10cm diameter. The composition of clasts varies; in many 
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instances clasts are similar to the underlying laminite facies. However, broken-up bulbous 
stromatoporoid clasts, birdseye-fenestral limestone clasts and fossil-poor micrite clasts are 
also extremely common. Many of the clasts, especially at the base of the breccia, show an 
alignment parallel to bedding. Yet in the centre of the breccia clasts show no preferred 
orientation. No imbrication can be seen and there are no indicators suggesting a preferred 
transport direction. The top of the breccia provided a surface colonised by bulbous 
stromatoporoids. The breccia is between 30cm and 40cm thick. 
Bulbous stromatoporoids 
in various orientations 
(some broken up) 
At top breccia has 
more elongate clasts 
parallel to bedding 
10cm 
Some clasts have 
mudstone internal 
fabric with birdseye 
fenestrae 
Clasts of Broken-up clasts 






Figure 4-8 Field sketch of SI facies. Breccia is on average 30cm thick, with a variety of clasts 
including stromatoporoids, mudstones and laminites. The erosional surface has an amplitude of up to 
7cm. Most clasts are angular to subangular in shape. Sketch drawn @ 6.0m on Walheim Section 1, 
Aachen, Germany. 
Depositional environment: Since most clasts are angular or subangular, a short transport 
distance is envisaged. Some of the laminite clasts have been ripped-up from the underlying 
beds, therefore this facies is likely to be an intraformational breccia. The base of the unit is 
erosional in nature, yet there is only a maximum of 7cm amplitude which suggests there 
was no major channel system. The deposition of the breccia was short-lived, as bulbous 
stromatoporoids soon colonised the surface. There is no evidence of subaerial exposure. 
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A similar facies-type has also been recognised by Krebs (1974) in the carbonate complexes 
of the Rhenisches Schiefergebirge. Krebs (1974) suggested two possible origins of these 
'rudite' facies: 
1. As a result of local erosion of tidal flats during episodic storms in the shelf lagoon. 
2. Through erosion of underlying carbonate muds when a new transgression of the sea 
resulted from minor subsidence. 
Since the breccia separates two very different deposits (intertidal-supratidal laminites and 
semi-restricted, subtidal stromatoporoid floatstones), it is probable that it represents a 
transgressive lag where sedimentation was outpaced by the increasing subsidence rate/rise 
in sea-level. The transgression culminated in the colonisation of the breccia surface tty 
stromatoporoids. 
4.2.1.2 S2 microfacies - stromatoporoid floatstones 
Microfacies S2 is characterised by stromatoporoid floatstones. Stromatoporoids are 
dominated by bulbous-types and branching types. Rarely domal stromatoporoids and 
laminar stromatoporoids can be seen. Microfacies S2 is very common, encompassing 25% 
of the total logged thickness (Fig. 4-9) and can be identified in most shelf successions. 
S13 S14 si 
^ ' ' ' ' ' ' 0% o^ O% 
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5% \ i W 3% 
Figure 4-9 Pie chart showing distribution of microfacies types, with regards to total logged thickness. 
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Microfacies 82 is often very easy to distinguish in the field, due to its rich faunal 
assemblage. Bedding is often massive in nature, irregular and ranges between 5cm to 
197cm, commonly being between 40cm and 100cm. Bulbous stromatoporoids, which are 
characterised by having a convex upper surface which tapers downwards to a small base 
(see Section 3.1.2), are especially common in this microfacies (Fig. 4-10a). The bulbous 
stromatoporoids vary greatly in size from 5cm in diameter to 60cm diameter. They are 
commonly distributed in size-specific groups with some beds having bulbous 
stromatoporoids about 5cm to 15cm in diameter and others having larger stromatoporoids. 
However, it is not uncommon to also get a variety of sizes in one unit. Sometimes it is 
possible to see a distinct increase in size of the stromatoporoids through a unit, as 
displayed in Oberrodinghausen quarry, Balve Reef Complex (see Section A2.18 for log). 
Often the bulbous stromatoporoids are not preserved in life position, having been 
overturned by more turbulent waters. The shape of bulbous stromatoporoids leads to them 
being fundamentally unstable unless the base was supported by soft sediment. The bulbous 
stromatoporoids are usually fairly well preserved. 
Also associated with the bulbous stromatoporoids are Amphipora, Stachyodes and other 
dendroid stromatoporoids, rare domal stromatoporoids and laminar stromatoporoids, 
solitary corals and colonial corals. Thamnoporoids are especially common in this 
microfacies and are sometimes encrusted by stromatoporoids. They are commonly branch 
fragments 40mm in length. Amphipora, along with other dendroid stromatoporoids 
including Stachyodes, is locally abundant and forms a bafflestone texture with the bulbous 
stromatoporoids. As with the thamnoporoids, Amphipora is sometimes encrusted by other 
stromatoporoids, or by cyanobacteria (Girvanella). Occasionally, Amphipora branches are 
aligned parallel to bedding, possibly due to reworking by waves or due to compaction. 
Solitary corals are often associated with this microfacies, but have not been formally 
identified. They are usually well preserved and are rarely encrusted by stromatoporoids 
(Fig. 4-lOb). Sometimes it is possible to see the solitary corals in nests, or small 
accumulations and lenses. Colonial corals are not very common in comparison to the 
stromatoporoids. In this study the colonial corals have not been formally identified; 
however, Scrutton and Goodger (1987) and Scrutton (1977b) have recognised several 
species in the platform interior of the Torbay Reef Complex, which are summarised in 
Table 3-2. The colonial corals are usually fairly well preserved. Where colonial corals are 
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present, they are often associated with an increase in laminar and domal stromatoporoids, 
which on the whole are quite rare. Rare Wetheredella cyanobacteria are identified in this 
S2 facies. 
The matrix of the S2 facies is usually micritic in nature. Peloids are a common constituent 
and it is also often bioturbated. Sometimes the matrix is replaced by fine-grained dolomite, 
which often has a red colouration in hand specimen, reflecting the high iron content. This 
is especially common in the Torbay Reef Complex in Southwest England and preferential 
dolomitisation of the fine-grained matrix is also present in Cul d'Houille quarry, southern 
Ardennes. In Beauraing quarry in the Southern Ardennes, the matrix is especially 
bituminous having an extremely dark brown/black, friable nature. Bioclasts including 
ostracodes, calcispheres and parathuramminid forams are common in the matrix phase of 
many S2 facies. Sometimes the matrix is very bioclastic (for example in Vaucelles quarry, 
Linhay Hill quarry, Keldenich quarry and Heggen quarry, see Appendix 2), with 
stringocephalid brachiopods, bivalves, gastropods and crinoids, all variably broken up. 
Often where the matrix is richly bioclastic there is also an association with domal and 
laminar stromatoporoids. 
The S2 microfacies displays a variety of textures from floatstone through to framestone. 
However, a floatstone texture, where the rock is matrix supported, is most common. In 
this situation the organisms are often aligned parallel to each other (especially the dendroid 
stromatoporoids) suggesting a certain amount of reworking and turbulence in the waters. 
These facies are laterally persistent and cover a wide area. Bindstone or framestone 
textures can be seen at Walheim section 1, Keldenich quarry and Walheim Southern Limb 
where the organisms have clearly built a rigid framework (Fig. 4-10c). These carbonate 
buildups have a somewhat biohermal nature (sensu Cummings and Shrock, 1928) where 
the buildup is not laterally persistent. Commonly these bioherms also have laminar and 
domal stromatoporoids associated with them. 
Depositional environment: Microfacies S2 is very common within many Devonian 
lagoonal successions and its likely depositional environment has been widely discussed (see 
Table 4-1; Playford, 1969; Read, 1973; Racki, 1992; Cattaneo et al, 1993). The presence 
of a rich faunal assemblage suggests environments which were near normal-marine in 
terms of salinity and oxygen. As discussed in Section 3.1.2, bulbous stromatoporoids are 
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thought to have inhabited calm water environments since their bulbous shapes would have 
been unstable in higher-energy conditions. Wilson (1975) also suggested their subspherical 
shape probably represented an adaptation to prevent fine sediment accumulation on the 
colony. The laterally persistent floatstone facies which are composed of variably-orientated 
bulbous and dendroid stromatoporoids were probably deposited as sheeted deposits 
covering a wide spatial area. These facies had been slightly reworked, with the 
stromatoporoids overturned or aligned to each other. Read (1973) envisaged depths of 3m 
or less for equivalent facies in the Canning Basin of western Australia and are as close as 
100m to the reef (Wilson, 1975 from Read, 1973). The rare examples of relatively 
undisturbed biohermal buildups represent in situ growth of stromatoporoids and 
incorporation of bioclastic material. These bioherms reach up to 60cm in thickness and the 
presence of laminar and domal stromatoporoids suggests higher-energy conditions. All of 
the S2 facies are interpreted as being deposited in close proximity to the barrier-reef, in 
back-reef, well oxygenated, slightly turbulent waters. 
4.2.1.3 S3 microfacies - bioclastic wackestones to grainstones 
Wackestones, packstones, grainstones and rudstones with diverse organisms characterise 
microfacies S3. This microfacies is relatively common, representing 8% of the total logged 
thickness (Fig. 4-9). Microfacies S3 is divided into two subfacies. Microfacies S3a is 
dominated by grainstones and rudstones, where bioclasts are primarily derived from the 
reef. However, microfacies S3b is characterised by a semi-restricted faunal assemblage, 
dominated by the terebratulid brachiopod Stringocephalus. 
4.2.1.3.1 S3a microfacies - bioclastic grainstones 
Microfacies S3a is common mostly in isolated platform successions (i.e., 
Oberrodinghausen quarry, Heggen quarry, Bleiwasche quarry and Rydon quarry). It is 
characterised by bioclastic grainstones and rudstones. Bedding ranges from 7cm to 231cm 
in thickness; however, it is mostly between 20cm and 70cm in thickness. Debris from the 
reef is a common constituent in this facies. Stachyodes branches are particularly common, 
are generally broken up into 5-10mm bioclasts and are often aligned parallel to bedding. 
Crinoids are very common also, as are bulbous stromatoporoids, domal stromatoporoids, 
laminar stromatoporoids, solitary corals, thamnoporoids, other colonial corals and rare 
Amphipora branches. All of the grains are invariably broken-up and angular in nature. The 
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bulbous and domal stromatoporoids can reach up to 31cm in diameter, but are never found 
in life position. Laminar stromatoporoids are commonly 10cm in length and aligned 
parallel to bedding. Thin-section analysis shows the predominance of Stachyodes, crinoids 
and thamnoporoids (Fig. 4-lOd). The bioclasts are often very abraded and have a micrite 
envelope. The thamnoporoids are sometimes encrusted by stromatoporoids. Crinoids 
range in size from less than 0.5mm to 9mm in diameter. Once again they often possess 
microbial borings around their margins, have an irregular (?abraded) outer surface and 
syntaxial cements are especially well developed. Other bioclasts include gastropods, 
ostracodes, brachiopods, brachiopod spines and parathuramminid forams. Rarely 
cyanobacteria is seen encrusting bioclasts. Peloids are locally abundant. 
The matrix is sparitic in nature. Often several generations of cement can be identified; 
syntaxial cements are common around crinoids, rare isopachous cements occur around 
bioclasts and finally very fine-grained calcite fills the remaining interparticle porosity. 
Sometimes the calcite cements are replaced by dolomite and authigenic quartz has also 
been identified. The texture of this facies is either grainstone or rudstone in nature. A 
characteristic feature of microfacies S3a is graded bedding. Accumulations of bioclasts are 
present at the base of the bed and this grades into relatively fossil-poor horizons. 
Brachiopods are sometimes seen in hydraulically stable position and graded bedding can 
also be seen on a thin-section scale. Geopetals in pores of some stromatoporoids are also 
present. 
Depositional environment: Bioclastic grainstones and rudstones of microfacies S3a were 
deposited in moderate- to high-energy, turbulent environments, on the lee-side of the reef 
Most of the material which composes this facies was derived from the reef Those units 
which show graded bedding were probably deposited by storms. The microbial 
encrustations which are present on some bioclasts indicate strong current action in the 
shallow, near-reef regions of the back-reef lagoon (Krebs, 1974). The areal distribution of 
these facies are always near to the reef rim and microfacies S3a has only been identified in 
isolated platforms of western Germany and SW England. The localised deposition of this 
facies may be related to the destruction and effectiveness of the barrier reef If the reef was 
'closed', the back-reef environment may have been dominated by calmer water 
sedimentation (i.e., stromatoporoid floatstones of S2 affinities). However, if the reef was 
locally open, higher-energy waters could have impinged upon the back-reef environment. 
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Another explanation could relate to the dominant wind directions of the area. Tucker and 
Wright (1992) noted that the facies distribution on an isolated platform is strongly 
influenced by prevailing wind and storm directions and thus may account for the 
apparently localised distribution of these S3a microfacies. 
4.2.1.3.2 S3b microfacies - Stringocephalus wackestones/packstones 
Microfacies S3b is most common in the shelf lagoon and is especially well demonstrated in 
TeerstraBenbau quarry, Resteigne quarry, Vaucelles quarry and Olloy-sur-Viroin quarry 
(see Appendix 2 for logs). This facies is also locally abundant in the Torbay Reef Complex 
in Southwest England. Bedding is commonly 10cm to 40cm in thickness and mostly well 
bedded. The terebratulid brachiopod, Stringocephalus, is characteristic of this microfacies. 
They are usually densely abundant, commonly 20mm to 60mm in length and variably 
preserved, sometimes being disarticulated and broken-up. They possess very thick shells 
(up to 6mm in thickness) which sometimes have a micrite envelope. Often they are 
preserved in a hydraulically stable position. The stringocephalids are associated also with a 
rich assemblage of dendroid stromatoporoids (especially Stachyodes and rare 
amphiporoids), rare bulbous stromatoporoids, small gastropods (4mm long on average) 
which occur in nests, bivalves, crinoids, thamnoporoids and rare solitary corals. Sometimes 
the matrix is rich in leperditicopid ostracodes. The texture of the rock ranges from 
wackestone through to packstone. Often these bioclastic accumulations are not laterally 
persistent and lens in and out along a surface. Rarely the bioclasts are aligned at an angle 
to bedding, suggesting probable cross-bedding. Often the bioclasts (especially the 
stringocephalids) are in clusters or nests, close to hfe position. They are also often 
concentrated at the base of the unit which then grades into a poorly-fossiliferous horizon. 
The matrix is mostly micritic in nature. 
Thin-section analysis also identifies the presence of small ostracodes (<0.5mm in length), 
parathuramminid forams, dasycladacean algae, cyanobacteria and calcispheres. Also shell 
hash is common, mostly composed of 0.5mm long angular clasts of probable brachiopod. 
Peloids are also an important constituent volumetrically. The matrix is commonly intensely 
peloidal and often bioturbated. Pyrite, present within the matrix, is also important in the 
Linhay Hill quarry. 
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Figure 4-10 a) Field photograph of S2 microfacies. Bulbous stromatoporoids (B) dominate this 
facies, with an iiiterstitial matrix of Amphipora branches, thamnoporoids and rare soUtary 
corals. Photograph taken at Walheim Section 1, Aachen, western Germany. Tape measure is 
5cm diameter for scale, b) Photomicrograph of corals wiiich have been encrusted by 
stromatoporoids (arrow). MicroCacies S2. Sample number R l , Resteigne quarry, southern 
Ardennes. Scale bar = 1cm. c) Bioherm development, microfacies S2. Stromatoporoids are 
bulbous, domal, dendroid and laminar in geometry. Photograph taken at Walheim Southern 
Limb section, Aachen, western Germany. Scale is in 1cm mcrements. d) Photomicrograph of 
bioclastic grainstone/rudstone (microfacies S3a). Note the abundance of thamnoporoids (T) and 
dendroid stromatoporoids (S). Sample number RQ17, Rydon quarry, Torbay Reef C<Hnplex, 
England. Scale bar = 1cm. Also refer to Enclosure One 
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Depositional environment: Microfacies S3b is characterised by a rich fauna of a semi-
restricted nature. Stringocephalids are mostly found in back-reef successions world-wide. 
The association with a variety of stromatoporoids, gastropods, bivalves and crinoids 
suggests well-oxygenated waters. The stringocephalids had a pedicle foramen and 
therefore their mode of life was to attach themselves to a soft substrate or to dead shells. 
Their thick shells may suggest they were tolerant of high-energy, turbulent waters. The 
sedimentary structures present in this facies (i.e., graded bedding) suggest the bioclasts 
were probably reworked and deposited by storms, maybe to a lower-energy environment 
where a peloidal, bioturbated, micritic matrix could then accumulate. Hong (1992) has 
documented this facies in the Brilon Reef Complex and also suggested highly agitated 
waters (storms and strong currents) brought the stringocephalids from the reef edge into 
the lower-energy lagoonal environment. 
The localised appearance of this microfacies in dominantly shelf lagoon successions is 
probably related to the age of the buildups. The stringocephalid brachiopods were thought 
to be exclusively Givetian in age (Blodgett and Dutro, 1992); therefore, they would only 
be present in successions of this time period. 
4.2.2 Restricted subtidal microfacies group 
The restricted subtidal microfacies group is by far the most common in the study area, 
totalling 59% of the total logged thickness (Fig. 4-7). The term 'restricted' is used with 
regards to circulation, oxygen or salinity. This set of microfacies is characterised by 
macrofossil-poor micrites, or by monospecific fossil assemblages. It includes Amphipora 
floatstones (microfacies S4), bioclastic wackestones (S5), macrofossil-poor micrites (S6) 
and peloidal grainstones (S7). 
4.2.2.1 S4 microfacies - Amphipora floatstones 
S4 microfacies are characterised by Amphipora wackestones, floatstones and bafflestones. 
This microfacies is very common within both the isolated platforms and shelf lagoon and 
comprises 20% of the total logged thickness (Fig. 4-9). Amphipora is an extremely 
important stromatoporoid in Devonian platform interiors and occurs worldwide. 
Amphipora is thought to be indicative of environments where there was restricted 
circulation (see Section 3.1.5.1). Microfacies S4 can be divided into three submicrofacies. 
S4a is most common and is characterised by Amphipora wackestones, floatstones and 
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bafflestones, where the Amphipora branches are well preserved. Microfacies S4b consists 
of Amphipora grainstones where the Amphipora branches are variably preserved. S4c is 
locally abundant and is composed of thamnoporoid floatstones. 
4.2.2.1.1 S4a microfacies - Amphipora wackestones/floatstones/baff^estones 
Microfacies S4a is extremely common in the study area and is composed of Amphipora 
wackestones, floatstones and bafflestones. It is present in nearly all the logged successions. 
Bedding is mostiy planar and ranges from 4cm to 206cm in thickness, commonly being 
10cm to 50cm thick. Amphipora branches are the most common constituent. They are on 
average 3-4mm in diameter, range in length (up to 40mm) and display a spaghetti-like 
morphology (Fig. 3-3a). The Amphipora branches display various textures; they are often 
aligned parallel to bedding, are scattered throughout a bed, completely dominate the unit 
(bafflestone) (Fig. 3-3b) or are nested in discrete pockets. Rarely the Amphipora branches 
are aligned at an angle, suggesting cross bedding. They are commonly fairly well preserved 
and sometimes coated by Girvanella (Fig. 3-9b), which produces an identifiable dark rim 
to the Amphipora branches in the field. Rarely they appear to wrap around bulbous 
stromatoporoids, or grow in close association with them. This facies can grade into 
unfossiliferous mudstones of S6 affinities and can also overiie bulbous stromatoporoid 
floatstone facies (S2). 
Also associated with Amphipora are thamnoporoids, which are locally very abundant. The 
thamnoporoids are up to 8cm in length, usually well preserved and commonly have the 
same textural attitude (i.e., aligned, in discrete pockets, or scattered) to the Amphipora 
branches. Stachyodes, which sometimes also possess a dark cyanobacterial rim, are 
uncommon constituents. Small solitary corals, small bulbous stromatoporoids, bivalves, 
gastropods, stringocephalid brachiopods and ostracodes (including leperditicopid 
ostracodes) are all locally present, but never common. 
Thin-secdon analysis of S4a facies also identifies the presence of calcispheres, 
parathuramminid forams, crinoids, cyanobacteria {Girvanella and Renalcis), 
dasycladacean algae and ostracodes. Peloids are often locally very abundant. The matrix in 
this facies is extremely variable. Mostly it is a medium to dark grey colour, micritic and 
thoroughly bioturbated. Often discrete pockets of microspar are identified picking out 
bioturbation. The matrix is somefimes argillaceous. Dolomidsation is common, especially 
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in the successions of the Torbay Reef Complex, Southwest England. Here the matrix is a 
pink/red colour. The matrix is altered to fine-grained dolomite, where well-developed 
euhedral crystals are on average 0.2mm in diameter, are zoned and have an iron stain. 
Usually the matrix is preferentially dolomitised; however, often the vesicles in the 
Amphipora branches are sometimes rich in dolomite rhombs also. 
Depositional environment: Amphipora is extremely common in many Middle and Upper 
Devonian carbonate complexes of the world and is distributed only in lagoonal or back-
reef environments (platform interiors of Playford, 1969). Amphipora was thought to be 
best adapted to warm temperatures, intense light and probably endured fluctuating 
salinities (Heckel and Witzke, 1979). Krebs (1974) and Scrutton (1977a) suggested the 
impoverished faunal assemblage associated with this microfacies indicated an environment 
which had a more restricted circulation. Krebs (1974) also speculated that this 
environment was more saline. Kasig (1980) and Racki (1992) postulated that the 
Amphipora branches had baffling properties and trapped fine-grained lime mud to form 
dense 'meadows' or 'entangled networks'. This process occurred mainly in sheltered, quiet 
environments (Krebs, 1968; Jamieson, 1971). The presence of the dense accumulations of 
Amphipora branches and their sometimes uniform orientation suggest that these 
accumulations were deposited close to the living site of the amphiporoids. Waters were 
probably calm, since there is a dominance of micritic rather than sparitic matrix. Both 
Playford (1980) and Dineley (1984) suggested optimum depths of less than 10m for this 
facies. However, Read (1973) and Racki (1992) offered a more refined depth of less than 
Im for similar facies in the Canning Basin in Western Australia and Holy Cross Mountains 
of Poland, respectively. 
4.2.2.1.2 S4b microfacies-Amp/iipora grainstones 
Amphipora grainstones of S4b affinities are not very common, only being present in some 
back-reef successions of the isolated platforms. In the field they have a very light grey 
colour and generally show similar components to microfacies S4a. In thin section 
Amphipora branches are the major constituent; however, they have variable preservation. 
Cyanobacterial coatings are common and the margins of the Amphipora branches are often 
abraded and pitted. Other bioclasts include parathuramminid forams, calcispheres, 
dasycladacean algae and ostracodes. Peloids are extremely abundant. Alignment of 
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bioclasts parallel to bedding is often apparent. The matrix of this facies is invariably 
sparitic in nature. Many types of spar have been identified. Isopachous cement surrounding 
peloids is sometimes identified; however, the cements are mostiy medium-grained calcites. 
Fine-grained pyrite is often associated with the matrix. Authigenic quartz is common. Rare 
spar-filled cavities (up to 1.5mm in length) are identified. 
Depositional environment: Amphipora grainstones were deposited in similar back-reef 
environments to microfacies S4a; however, they represent higher-energy episodes. This 
microfacies has been identified mainly in the isolated complexes of the Rhenisches 
Schiefergebirge, where Krebs (1974) suggested deposition in shallow and moderately 
agitated waters near, yet still below, the intertidal zone. 
4.2.2.1.3 S4c microfacies - thamnoporoid floatstones 
Wackestone and floatstone facies which are composed mainly of thamnoporoids are rare in 
the study area, occurring only at Keldenich quarry (see Section A2.14 for log). The 
thamnoporoids are up to 4cm in length and they completely dominate the units. Bioclasts 
of stringocephalids, ostracodes, gastropods and bivalves are associated. Small solitary 
corals are also frequently seen, as are Amphipora branches and other dendroid 
stromatoporoids. In thin section a rich algal component is also present, with 
Labyrinthoconous, Devonoscale and other dasycladaceans being identified. Calcispheres 
are also common, as are ostracodes. The matrix is micritic, peloidal and bioturbated. 
Depositional environment: Microfacies S4c is likely to have been deposited in a similar 
environment to the Amp^ipora-dominated microfacies S4a. A micritic matrix suggests low 
turbulence. The presence of a richer faunal assemblage may indicate slightiy more open 
circulation. 
4.2.2.2 S5 microfacies - bioclastic wackestones 
Bioclastic wackestones with impoverished or restricted faunas characterise microfacies S5. 
This facies is relatively uncommon comprising only 4% of the total logged thickness (Fig. 
4-9). 
In the field this facies is well bedded. The beds are commonly planar, ranging between 
10cm and 40cm thick. The facies is dominated by either gastropods or bivalves. 
Gastropods are particularly common, often very small (5mm long), yet locally reaching up 
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to 32mm long. Gastropods are often present in 'nests', in impersistent accumulations 
parallel to bedding or are scattered throughout a unit. The gastropods are invariably 
poorly-preserved since their original aragonite shell has been replaced by a more stable 
calcite spar. However, the gastropods commonly have a micrite envelope developed before 
dissolution and thus identification and preservation is made possible. When the gastropods 
accumulate at the base of a unit, this commonly grades into a relatively unfossiliferous 
horizon, or horizons with tubular fenestrae (S6c facies - see Section 4.2.2.3.3). Also 
associated with the gastropods are bivalves, rare solitary or colonial corals and 
leperditicopid ostracodes. The matrix is micritic in nature. Accumulations dominated by 
bivalves are not as common as those dominated by gastropods (Fig. 4-1 la). Where 
present, the bivalves are up to 50mm in length and are often preserved in a hydraulically 
stable position (concave-up). Also associated with the bivalves are rare gastropods and 
dendroid stromatoporoids. These faunas often accumulate at the base of a unit and 
generally grade into an unfossiliferous upper portion. 
In thin section, small ostracodes (less than 1mm long), well preserved thamnoporoids, 
calcispheres, parathuramminid forams, dasycladacean algae, codiacean algae, faecal 
peloids and rare cyanobacteria and Amphipora branches are identified. However, the facies 
is often dominated by only moUuscan material (Fig. 4-1 la). Bioclasts are mostly aligned 
parallel to each other and often the chambers in gastropods are part-filled with micrite and 
spar, providing good geopetal textures. The matrix is micritic in nature, often peloidal and 
usually bioturbated. Rarely an admixture of spar and micrite is seen and sometimes the 
micrite has been neomorphically altered to microspar. Sometimes the matrix is argillaceous 
and rich in clay seams. 
Depositional environment: The impoverished faunal assemblage of dominantly gastropods 
and bivalves suggests deposition in restricted conditions. Gastropods and bivalves are 
tolerant of hyper-, hypo- or normal salinities, yet when they are abundant in these 
monospecific fossil assemblages this usually indicates extreme salinities (see Fig. 3-16; 
Heckel, 1972). The dominantly micritic matrix suggests deposition in calmer waters; 
however, the bioclasts have been undoubtedly reworked; they are often broken up, aligned 
parallel to bedding, or preserved in a hydraulically stable position. Transport was probably 
not far though. Preat et al. (1987) and Preat and Mamet (1989) have also identified this 
facies in the broad shelf lagoon of the study area and suggested a similar depositional 
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environment of low-energy, restricted, intermittently agitated lagoons. In the absence of 
any indications of evaporitic conditions, the lagoons were probably occasionally 
hyposaline. 
4.2.2.3 S6 microfacies - macrofossil-poor micrites 
Microfacies S6 is by far the most common facies in the study area, comprising 33% of the 
total logged thickness (Fig. 4-9). It is present in all of the successions studied and is very 
characteristic of Devonian lagoonal successions world-wide. The facies is commonly 
extremely well bedded, with planar continuous units (Fig. 4- l lb) . Bedding thickness 
ranges from 2cm to 185cm, yet is mostly 5cm to 40cm in thickness (Fig. 4-1 Ic). In the 
field the facies is characterised by homogenous, poorly fossiliferous, light to dark grey 
beds, with only rare sedimentary structures (i.e., vertical fenestrae, oncoids) or identifiable 
organisms. The facies are sometimes argillaceous or bituminous. The facies is invariably 
bioturbated resulting in the homogenous texture. Often microfacies S6 grades from a 
bioclastic base (microfacies S5), or from an Amphipora-rich unit (microfacies S4). Thin-
section analysis of these seemingly-dull facies identifies a plethora of microfossils, floras 
and micro-sedimentary structures. Thus this S6 facies can be divided into a further 6 
submicrofacies, as listed in Table 4-4 and discussed in Sections 4.2.2.3.1 to 4.2.2.3.6. 
/Microfacies Characteristics 
S6a Microfossil-rich wackestones and packstones 
S6b Poorly fossiliferous mudstones 
S6c Micrites with tubular/vertical fenestrae 
S6d Oncolites 
S6e Mudstone/grainstone storm deposits 
S6f Micrites rich in leperditicopid ostracodes 
Table 4-4 Characteristics of S6 submicrofacies. See Sections 4.2.2.3.1 to 4.2.2.3.6 for details. 
4.2.2.3.1 S6a microfacies - microfossil wackestones/packstones 
Microfossil-rich wackestones and packstones are the most common S6 facies. This facies 
can be seen within most of the documented successions and in both the broad shelf lagoon 
and in the isolated platforms. Macrofossils are, on the whole, poorly represented in this 
facies; however, rare gastropods, bivalves and dendroid stromatoporoids are scattered 
within some units. Commonly the facies is a mid-grey to dark-grey colour. 
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Thin-section analysis identifies a plethora of microfaunas and floras which are not 
identifiable at hand specimen scale. These include calcispheres, parathuramminid forams, 
small ostracodes, dasycladacean algae (especially Devonoscale) and codiacean algae. Rare 
Girvanella, Renalcis, Wetheredella and shell hash are also seen. The calcispheres are 
especially common, scattered throughout beds (Fig. 4-1 Id). Ostracodes are mainly 
disarticulated, 0.7mm in length with no specific orientation. The parathuramminid forams 
are in many shapes and sizes and may represent several species, or different cuts of just 
one species (see Fig. 3-10). Often the dasycladacean algae, commonly 0.5mm long, are 
seen to dominate a thin section. Peloids are locally very abundant, as are lumps of micrite 
(on average l-2mm in diameter). The matrix is always micritic, often peloidal and 
thoroughly bioturbated. Often discrete bioturbation structures can be deciphered where 
microspar is present in 4-9mm diameter, spherical patches. Fine-grained neomorphic 
dolomite is also sometimes identified in discrete patches. Preservation of primary 
sedimentary structures is very rare in this facies. 
Depositional environment: Microfossil-rich wackestones and packstones are common 
within many Middle and Upper Devonian restricted successions. Kazmierczak et al. 
(1985), Racki (1992) and Preat and Racki (1993) recognised this facies in the Holy Cross 
Mountains of Poland and suggested these peculiar communities record specific high stress 
environments due to abnormal salinity, eutrophy and high calcium content. Biomicrites and 
micrites present in the isolated platforms of eastern Rhenishes Schiefergebirge were 
thought by Krebs (1968) and Krebs (1974) to be deposited in the central, restricted part of 
the lagoon where water agitation was much reduced and increasingly euxinic or more 
saline conditions inhibited benthonic life. The poorly-fossiliferous micrites in the reef-
interior of the Torbay Reef Complex in Southwest England were also likely to have been 
deposited in calm lagoonal waters with poor circulation (Scrutton, 1977a; Garland et al., 
1996). Devonian lagoonal banks in Michigan, USA, were studied by Tyler (1969) where 
micrites dominated mainly by algae or bacteria were supposed to be deposited in a 
sheltered lagoon in maybe only Im water depth. Once again the circulation of the lagoonal 
waters were said to be inhibited. Microfacies S6a has been extensively documented in the 
broad shelf lagoon of the southern Ardennes (e.g., Preat and Boulvain, 1982; Preat et al., 
1987; Preat and Mamet, 1989; Casier et al., 1991), where restricted, calm, shallow 
lagoonal sedimentation was envisaged. 
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Figure 4-11 a) Photomicrograph of bioclastic packstone (microfacies S5). The bioclasts are dominated 
by bivalves which sometimes show a micrite envelope (M) and are aligned parallel to each other. 
Sample number K L 2 , Keldenich quarry, Sotenich, western Germany. Scale bar = Smm. b) Histogram 
showing the bed thickness range and frequency for microfacies S6. c) Field photograph of microfacies 
S6. The succession is very well bedded, with planar beds of similar (~20-30cm) thickness. Photograph 
taken at Vaucelles quarry, southern Ardennes (between 2m and 8m on log, see Section A2.25). 'Scale' = 
1.6m. d) Photomicrograph of S6a facies. Note dominance of calcispheres. Sample number 0SV14, 
Olloy-sur-Viroin quarry, southern Ardennes. Scale bar = 2mm. e) Photograph of vertical or tubular 
fenestrae (microfacies S6c). Photograph taken at 42.7m, Resteigne quarry, southern Ardennes. Scale 
bar = 5cm. 0 Photomicrograph of a vertical cavity. Note the dense, welded, peloidal margin to the 
fenestra (arrow) and coarse-grained calcite-spar-filL Sample number OSV23, OUoy-sur-Viroin 
quarry, southern Ardennes. Scale bar = 2mm. Also refer to Enclosure One 
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Microfacies S6a shows great similarities to all of the above examples. Therefore, 
deposition in a lagoon, where there was restricted circulation, possibly with elevated or 
decreased salinities and calm shallow waters is proposed. It is difficult to assess oxygen 
levels. However, the abundance of algae and microfossils do not suggest pooriy-
oxygenated waters. 
4.2.2.3.2 S6b microfacies - macrofossil-poor mudstones 
This facies is common within many successions. In the field it has a homogenous mid-grey 
colour, with very few bioclasts. In thin section calcispheres, parathuramminid forams, 
dasycladacean algae (especially Devonoscale), small ostracodes and rare codiacean algae 
are the main constituents, yet are relatively rare. Calcispheres are the most abundant grain 
and are sometimes preserved with spines intact (see Fig. 3-13b). Bioclasts rarely show any 
preferred orientation or alignment. The matrix is a homogenous micrite which has been 
thoroughly bioturbated. Some discrete burrows are notable for the local development of 
dolomite rhombs. Peloids are locally common and in some case define burrows. In Linhay 
Hill quarry at the Torbay Reef Complex in Southwest England the facies locally has a 
somewhat shaley or laminated appearance. 
Depositional environment: The deposition of microfacies S6b is similar to that of S6a: a 
calm water, shallow, restricted lagoon. This microfacies is equivalent to Microfacies 9a of 
Preat and Mamet (1989). 
4.2.2.3.3 S6c microfacies - micrites with tubular/vertical fenestrae 
This microfacies is identified mostly in the broad shelf lagoon and can be very clearly seen 
at Resteigne quarry, Keldenich quarry, Vaucelles quarry, Olloy-sur-Viroin quarry and 
Dourbes quarry. Bleiwasche quarry in the Brilon Reef complex, also displays this facies 
well. In the field it is characterised by spar-filled vertical, tapering 'tubes' on average 5mm-
6mm long and 1mm wide (Fig. 4-1 le), yet they can reach up to 20mm in length. They are 
scattered throughout a unit and are usually present in pooriy-fossiliferous units, where 
peloids, calcispheres, ostracodes, dasycladacean algae and codiacean algae are the main 
components. Peloids are especially common and are often densely compacted or welded 
around the margins of the fenestrae (Fig. 4-1 I f ) . Rare concentrations of pyrite can be seen 
along these margins also. The vertical fenestral cavities are spar-filled. Early diagenetic 
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cements such as vadose calcite or marine radial-fibrous cement are not seen and coarse-
grained calcite or baroque dolomite dominate. There are no internal structures (e.g., 
alveolar septal filaments) to the cavities. The matrix to this facies is always micritic, 
sometimes altered to patchy microspar and often peloidal. 
Depositional environment: The term 'tubular' fenestrae has been used to describe near-
vertical burrows (Tebbutt et al., 1965; Read, 1975; Cressman and Noger, 1976; Grover 
and Read, 1978; Preat and Mamet, 1989) and also root tubes (Tebbutt et al., 1965; Riding 
and Wright, 1981), therefore this term does not have any specific palaeoenvironmental 
implications. Other microscopic features need to be used to determine a depositional 
environment. Most of the evidence presented in this Section points to a burrow-origin for 
these vertical fenestrae. The welded peloids which surround the tubular fenestrae probably 
formed when the burrowing organism 'pushed' its way through the sediment. The welding 
or compaction of the peloids aided preservation since without a spar-fill, which may have 
happened some time after deposition, this feature would not have had any preservation 
potential. Shinn (1983a) recognised that many subvertical cavities are compacted and thus 
not preserved in modem day carbonates unless early cementation has taken place. All of 
the features present also suggest subtidal deposition; there are no laminoid fenestrae which 
are so common in many intertidal deposits and there is no evidence of microbial laminites, 
mud cracks or subaerial exposure. There is also no evidence to support a 'root' origin (i.e., 
alveolar structures, rhizocredons, needle fibre calcite etc.) for these cavities. Therefore, 
microfacies S6c was probably deposited in shallow, restricted, subtidal lagoonal 
environments where burrowing organisms were abundant. 
4.2.2.3.4 S6d microfacies - oncoidal wackestones 
Microfacies S6d has only been identified in the broad shelf lagoon successions and is 
especially common in Dourbes quarry, Cul d'Houille quarry, Beauraing quarry and 
Walheim Southern Limb section. In the field this facies is very distinctive, as it is 
characterised by oncoidal wackestones. The oncoids range in size from 1mm to 70mm in 
length and commonly have an oval shape (Fig. 4-12a, b). They are a chocolate-brown to 
grey colour with a clear marginal coating. They commonly dominate the rock, with only 
rare dendroid stomatoporoids, ostracodes (including Leperditia), parathuramminid algae 
and calcispheres. Thin-section analysis identifies a cyanobacterial origin to the coating. 
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predominantly Girvanella. The Girvanella is mosdy well-preserved, with clear filaments 
(see Fig. 3-9a). The coatings range in thickness; commonly they are about 1mm, but can 
reach up to 6mm thick. The laminae are commonly smooth rather than crinkled. The 
nucleus of these oncoids are mostly lumps of micrite. However, rare dendroid 
stromatoporoids are also coated. The matrix to these facies is micritic (the same material 
as the nucleus to the oncoids), bioturbated and slightly peloidal in nature. The oncoids do 
not show any preferred orientation, being scattered within units. 
Depositional environment: The oncoids present in this study are stromatolites which have 
an SS-C type texture in the Logan et al. (1964) classification (see also Section 4.2.4.2). 
They are thus spheroidal structures which have concentric cyanobacterial laminae and a 
distinct and identifiable nucleus (lumps of micrite, in this case). Ginsburg (1960) suggested 
oncoids are generally indicative of permanentiy submerged shoal water areas, or areas in 
the low intertidal zone. For SS-C type oncolites, Logan et al. (1964) offered a more 
refined depositional environment of turbulent, subtidal waters. Wilson (1975) SMF type 22 
very adequately describes microfacies S6d and suggests that micrite with large oncoids are 
typically deposited in shallow water back-reef environments, with restricted circulation, 
often located on the edges of ponds or channels. The apparent need to have agitated 
turbulent waters to develop SS-C oncolites somewhat contradicts the micritic matrix in 
which they are found. Therefore, it is probable that the oncoids were formed in higher-
energy environments and were then transported into lower-energy, restricted environments 
where fine-grained micrite was abundant. The presence of the Leperditia ostracodes also 
supports a restricted depositional environment. 
4.2.2.3.5 S6e microfacies - mudstone/grainstone storm events 
Microfacies S6e is not very common within the logged successions, only being identified at 
Nismes quarry, Cul d'Houille quarry and Walheim Southern Limb Section. In the field the 
facies is characteristically thinly-bedded (average about 10cm) and has a laminated 
appearance. Thin-section analysis suggests this lamination is a result grain-size and textural 
differences (Fig. 4-12c). The background sediment is mostiy micritic in nature, and poorly 
fossiliferous. Ostracodes are rare constituents. The thickness of these mudstone laminae 
ranges from 0.3mm to 11mm in height. Concentrations of peloids and ostracode tests set 
in a sparitic matrix characterise the second laminae. Peloids are commonly 0.1mm 
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diameter, subspherical shape and very well sorted. They are probably faecal in origin. 
Often a thin isopachous cement has precipitated around these peloids and a later very fine-
grained calcite filled the remaining interparticle porosity. Ostracodes are particularly 
common in these laminae, on average 0.5mm in length, always disarticulated, aligned 
parallel to bedding and often in a hydraulically stable position. These laminae are 
commonly thinner than the mudstone laminae, being 3mm to 5mm in height. Often an 
abrupt and erosional base can be seen. 
Depositional environment: The background poorly fossiliferous mudstone facies is very 
similar to S6b facies, where there is an impoverished fauna, yet the matrix is thoroughly 
bioturbated. Shallow lagoons with calm waters and restricted circulation was the 
postulated depositional environment for this facies. The presence of pelsparite laminae 
with erosional bases and winnowed ostracode tests is suggestive of small storm events 
within this lagoonal environment. 
4.2.2.3.6 S6f microfacies - micrites with leperditicopid ostracodes 
Microfacies S6f is characterised by the presence of Leperditia ostracodes. These purse-
shaped, large ostracodes are very conspicuous in the field, being on average 4mm in length 
and often very densely packed (see Fig. 4-4a). This facies is especially common at 
Keldenich quarry and Olloy-sur-Viroin quarry, in the southern Ardennes. Often the 
ostracodes are nested on one surface, where they are very well preserved with both valves 
intact. Thin-section analysis also identifies the presence of calcispheres, small ostracodes, 
parathuramminid forams, codiacean algae, dasycladacean algae and peloids. However, 
leperditicopid ostracodes dominate. Wackestone, packstone and grainstone textures are 
identified and rarely bioclasts are aligned parallel to each other. The matrix is mostly 
micritic in nature and often bioturbated. 
Depositional environment: The proposed environmental interpretation of leperditicopid 
ostracodes has already been discussed extensively in Sections 3.4.1 and 4.1.6. Extremely 
restricted conditions, probably with respect to salinity and circulation, were likely. The 
presence of a mostly micritic matrix and the good preservation of the ostracodes suggests 
the waters were probably not very turbulent. Deposition was, however, still subtidal in 
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nature, as there is no other evidence to support intertidal or supratidal environments (i.e., 
mud cracks, birdseye fenestrae, evaporites etc.). The ability of the ostracodes to tolerate 
extreme salinities (probably low salinities) may well explain their apparent dominance in 
certain horizons. This facies has also been identified by Krebs (1974), Preat et al. (1987), 
and Preat and Mamet (1989) in the broad shelf lagoon of the study area. Leperditicopid 
ostracodes are also documented in tidal-flat environments in the Devonian of Arctic 
Canada (Smith and Steam, 1982). 
4.2.2.4 S7 microfacies - peloidal/oolitic grainstones 
Microfacies S7 is characterised by grainstones dominated by either peloids or ooids. This 
microfacies is not common, representing only 2% of the total logged thickness (Fig. 4-9). 
Bedding ranges from 3cm to 97cm in thickness, yet is commonly 10cm-40cm. This facies 
can be seen in many successions in both the broad shelf lagoon and isolated platforms. 
Commonly the facies is well bedded and sedimentary structures on the whole are rare. 
Microfacies S7 can be divided into two subfacies. Microfacies S7a is dominated by peloids 
with only a rare oolitic component, whereas microfacies S7b is dominated by ooids. 
4.2.2.4.1 S7a microfacies - peloidal grainstones 
Peloidal grainstones are the most common subdivision of the S7 microfacies and are 
represented in both the broad shelf lagoon and isolated platform successions. In the field 
this facies commonly has a 'sugary' or 'sparkly' texture, representing the cement 
component. This facies is poorly fossiliferous with only rare dendroid stromatoporoids and 
ostracodes being identified in the field. No sedimentary structures are observed. Peloids 
are the most abundant constituent in microfacies S7a (Fig. 4-12d). They are mostly 
subspherical or oval in shape, 0.05mm to 0.2mm in diameter with a homogeneous 
microcrystalline fabric. Some peloids are up to 0.6mm in diameter and these types 
generally have more irregular shapes and anastomosing internal fabrics. Elongate peloids, 
up to 1mm long, are also present and these represent micritised bioclasts (cortoids). 
Lithoclasts are a common component. They range from 0.2mm to 45mm in length, are 
subangular to subrounded in shape and rarely show any alignment. They are composed of 
micrite or pelsparite and occur in discrete patches, which are sometimes in hne with 
bedding. Other grains include rare aggregate grains, oncoids, dasycladacean algae, 
Renalcis and other cyanobacteria, calcispheres (often with a thick micrite rim), 
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parathuramminid forams, ostracodes, codiacean algae, Amphipora branches, brachiopods, 
crinoids, corals and bivalves (with intensive micrite envelopes). 
The matrix is mostiy sparitic in nature, with several cement types being identified. In most 
situations only one generation of fine- to medium-grained calcite can be identified. 
However, isopachous or fibrous cements surrounding peloids can often be seen. Local 
development of baroque dolomite is also identified. Authigenic quartz is common in many 
examples. Locally micrite is common. The distribution of micrite and spar is usually related 
to the abundance of peloids. Where peloids are abundant and have a relatively low packing 
order a sparitic matrix dominates. However, where there are relatively few peloids, or 
where they have been so overcompacted so as to be unidentifiable, a micritic matrix is 
apparent. This distribution therefore is related to compaction and also to bioturbation. 
Spar can often be seen to dominate in specific patches which are related to bioturbation. 
This facies is grain supported with a grainstone texture. It is mostiy well sorted; however, 
where there is an abundance of lithoclasts the facies is not so well sorted. Sometimes a 
crude lamination can be seen, either with peloids and dasycladacean algae, or with peloids 
and lithoclasts. This is a size sorting feature and the laminae are rarely laterally continuous. 
Depositional environment: This microfacies is very similar to microfacies R4b, yet there is 
a lesser bioclastic component in microfacies S7a. The origin of these peloids varies. 
1. The small (0.05mm to 2mm) peloids are probably faecal in nature; they have no internal 
fabric, are generally subspherical in shape, well sorted and very abundant. This peloid-type 
is the most common in the study area. 
2. Elongate peloids (up to 1mm long) may represent micritised bioclasts and are thus 
cortoids. 
3. Local abundance of irregularly-shaped peloids which have an anastomosing internal 
fabric can also be seen. These peloids are relatively pooriy sorted, having variable sizes 
(0.05mm to 0.6mm) and probably represent detritus of cyanobacteria or algae (Fliigel, 
1982). 
4. Peloids of intraclastic origin formed from reworking of carbonate mud by currents can 
be termed 'pseudopellets' (Fahraeus et al., 1974). 
These pseudopellets have been discussed as originating in back-reef environments in the 
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Rhaetian (Fabricius, 1966) and in restricted shallow waters in the Devonian (Carss and 
Carozzi, 1965). This peloid-type is not particularly abundant in the study area. 
Peloids are particularly common in Recent shallow subtidal to intertidal environments 
(Fliigel, 1982). The dominance of peloids and only a small percentage of bioclastic 
material suggest deposition in shallow, yet restricted environments. Wilson (1975), Scoffin 
(1987) and Tucker and Wright (1992) suggested peloids usually typify environments with 
moderate or restricted circulation. The waters here were probably quite turbulent, resulting 
in a grainstone texture to the facies. 
4.2.2.4.2 S7b microfacies - oolitic grainstones 
Oolitic grainstones are not very common, only being identified in two successions: Cul 
d'Houille and Nismes quarries. In the field this facies is usually grey in colour and ooids or 
peloids are easily identifiable. Small lithoclasts can also be seen and the rock often has a 
'sugary' texture. Macrofossils are rare; however, Stachyodes was identified in the Nismes 
succession. 
Ooids dominate the grain component of this facies. These ooids have three forms. 
1. The majority of ooids are superficial in nature where there is only one lamina coating a 
dominantiy peloidal nucleus. These laminae display a finely preserved radial calcite 
microfabric (Fig. 4-12e). These ooids are commonly 0.2mm to 0.6mm in diameter and are 
well sorted. 
2. Compound ooids are locally present where several ooids are coated by radial calcite 
laminae. These ooids are up to 4mm in diameter. 
3. Locally, ooids have several laminae yet have an irregular shape (Fig. 4-12f). The peloids 
which provide the nucleus for these ooids are spherical in shape and the first ooid coating 
is also spherical and concentric around this peloid. However, later ooid coatings have a 
more oval or asymmetric shape and interstitial micrite, or even cyanobacterial material, is 
common. These ooids reach up to 1mm in length. The matrix associated with this facies is 
often micritic (wackestone texture) and a very low packing order is observed. 
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Peloids are also associated with microfacies S7b, yet are volumetrically subordinate. 
Lithoclasts are particulariy common in many samples, usually l-2mm long, well rounded 
and composed of pelsparite, dense micrite or cyanobacteria. Cyanobacteria are locally 
abundant, apparently binding some ooids. Bioclasts play a very minor role, with only rare 
ostracodes being identified. The matrix in this facies is mostly sparitic, although small 
amounts of residual micrite is often still preserved. Isopachous cements are often 
precipitated around ooids and peloids and a later fine-grained calcite cement fills the 
remaining interparticle porosity. Where grains have a long axis, alignment parallel to 
bedding is seen. Size sorting is also sometimes apparent. 
Depositional environment: The morphology, size, number of laminae and microstructures 
of ooids can be used to elucidate their depositional environment (Fliigel, 1982). As 
discussed in Section 4.1.4.1, the presence of superficial ooids with a strong radial calcite 
microfabric suggests relatively low-energy environments where salinities may deviate from 
the norm (Illing, 1954; Fliigel, 1982). The greatiy reduced number of bioclastic nucleii, 
dominance by peloids and association of cyanobacteria would also support this hypothesis 
of abnormal salinities. The presence of polyooids suggests breaks in deposition (Fliigel, 
1982). Carozzi (1957) and Carozzi (1960) devised a model where nucleus size and lamina 
thickness can be related to local water energy. The superficial ooids present in some 
samples probably represents Situation 5 of his model where the local water energy is 
greater than the energy needed to move the smallest grain. Therefore the smallest grains 
become superficial ooids, yet larger particles remain unchanged. So relatively low-energy 
environments are envisaged. The presence of residual micrite also supports a lower-energy 
environment. The asymmetric peloids which are locally present (Fig. 4-Uf) are often 
associated with marginal marine or hypersaline environments (Fliigel, 1982). 
All of the evidence provided by these ooids and associated grains suggests deposition in 
protected lagoons which were likely to have had elevated or lowered salinities. The water 
turbulence is somewhat difficult to determine. The matrix in many examples is mostly 
sparitic with only small amounts of residual micrite remaining. Isopachous marine cements 
surround many ooids and peloids suggesting moderate-energy environments with turbulent 
waters (c/. Tucker, 1993). Where the ooids have a more asymmetric morphology and an 
increased percentage of micrite in the matrix, a lower-energy environment is likely. 
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Figure 4-12 a) Oncoid wackestone (microfacies S6d). Note most of the oncoids are oval in shape and are 
picked out by a thm, light-coloured cyanobacterial coating (arrow). Photograph taken at 42.1m Cul 
d'Houille quarry, southern Ardennes. Coin 26mm diameter for scale, b) Internal composition of oncoid in 
S6d microfacies. Muddy cortex is coated by filamentous GirvaneUa. Sample number D6, Dourbes quarry, 
southern Ardennes. Scale bar = 5mm. c) Storm layers in an otherwise mud-dominated facies (S6e 
microfacies). Ostracodes are commonly aUgned parallel to bedding. Sample number Nl , Nismes quarry, 
southern Ardennes. Scale bar = 5mm. d) Photomicrograph of peloidal grainstone (microfacies S7a). 
Peloids are small, subspherical and very abundant Sample number BG13, Beauraing quarrv, southern 
Ardennes. Scale bar = 2mm. e) Photomicrograph of S7b oolitic grainstone facies. Note the ooids are 
superficial in nature, with a well-developed radial calcite microfabric (R) and peloidal nucleus (P). Note 
also the high packing order where many peloids show a 'fitted fabric' with distorted ooids (1) and pitted 
ooids (2). Sample number CDH13, Cul d'Houille quarry, southern Ardennes. Scale bar = 0.2mm. 
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4.2.3 Intertidal microfacies group 
The intertidal zone lies between normal high tide and normal low tide, is exposed either 
once or twice daily and commonly accumulates as a belt landward of the subtidal zone and 
seaward of the supratidal flats (Shinn, 1983a). Modern tidal flats are complex 
environments with many subenvironments including tidal channels, levees, ponds, intertidal 
flats, areas of superficial crusts and microbial mats (Tucker and Wright, 1992). The 
climate, tidal regime, topography, local wind conditions, amount of biological activity and 
wave action greatiy influence the extent of the intertidal zone and the types of intertidal 
deposits (Tucker and Wright, 1992). 
In the study area intertidal deposits account for approximately 5% of the total logged 
succession (Fig. 4-7), where three major microfacies groups can be identified. Fenestral 
limestones are common in the intertidal zone and characterise microfacies S8a and S8b. 
Facies which have undergone early diagenesis in a vadose environment characterise 
microfacies S9. Microfacies SIO consists of fenestral laminites. Extensive studies of 
Modern intertidal deposits by many workers has aided the recognition of these 
depositional environments in ancient successions. 
4.2.3.1 S8 microfacies - laminoid-fenestral limestones 
Fenestrae, a term coined by Tebbutt et al. (1965), are voids in a rock which are 
synsedimentary in origin and are larger than intergranular pores (usually l-5mm). These 
pores may or may not have an internal sediment f i l l and are commonly spar-filled in ancient 
rocks. The distinguishing characteristic of fenestrae is that the spaces have no apparent 
support in the framework of primary grains composing the sediment (Tebbutt et al. 1965). 
Fenestrae have four main morphological forms: laminoid, irregular, tubular and spherical 
(Fig. 4-13). When describing fenestrae it is very important to describe their morphological 
form since this usually reflects their origin (Grover and Read, 1978; Shinn, 1983a; Shinn, 
1983b; Bain and Kindler 1994; Demicco and Hardie, 1994). Laminoid fenestrae are 
probably the most distinctive fenestral type, often being parallel or subparallel to bedding. 
They are also associated with microbial mats and are thought to have formed through 
desiccation processes in the intertidal to supratidal zone (Demicco and Hardie, 1994; see 
Sections 4.2.3.1.1, 4.2.3.1.2 and 4.2.3.3 for further discussion). Irregular fenestrae (also 
^Uiionosbirdseyes (Ham, 1952) and forming the rock-type loferite (Fischer, 1964}) are 
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equidimensional or irregular in shape and rarely show any preferred orientation. Their 
origins and hence depositional environments, are numerous and are further discussed in 
Sections 4.2.3.1.1 and 4.2.3.1.2. Tubular fenestrae or pseudo-fenestrae (as discussed in 
Section 4.2.2.3.3) are most likely to represent burrows or rootlets and thus could be 
developed in subtidal, intertidal or supratidal environments. Spherical or bubble-shaped 
voids (sometimes known as keystone vugs) are thought to form by post-depositional decay 
of organic matter and escape of biogenic gases (Demicco and Hardie, 1994), commonly 
occurring in high-energy subtidal swash zones or in intertidal environments. 
A) Laminoid fenestrae B) iregular fenestrae m 
C) Tubular fenestrae D) Spherical fenestrae 




Internal sediment fill 
Figure 4-13 Four major fabrics displayed in fenestral limestones. A) Laminoid fenestrae commonly 
have a sediment fill at the base and are aligned parallel or sub-parallel to bedding. Desiccation is the 
most likely origin. B) Irregidar fenestrae are equidimensional or irregular in shape and have 
complex origins. C) Tubular fenestrae are elongate and result from burrowing or roots. D) Spherical 
fenestrae form by degassing in high-energy swash environments. See text for further discussion. 
Microfacies S8 is the most common intertidal facies described in the study area, 
representing 5% of the total logged thickness (Fig. 4-9). It is especially common in the 
broad shelf lagoonal successions, but has also been extensively recorded at the Brilon and 
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Torbay Reef Complexes. Microfacies S8 can be further subdivided; S8a represents mud-
supported laminoid-fenestral limestones, whereas microfacies S8b are peloidal grainstones 
with laminoid-fenestral cavities. 
4.2.3.1.1 S8a microfacies - fenestral mudstones 
Fenestral mudstones with a variable bioclastic or peloidal component characterise 
microfacies S8a. These facies are seen mostiy in successions within the broad shelf lagoon, 
but have also been identified in the Torbay Reef Complex, Dornap Reef Complex and 
Brilon Reef Complex. This facies is often well bedded, ranging between 10cm to 50cm on 
average. The rock is commonly a very light grey colour, very hard and is riddled with 
laminoid and irregular fenestrae. Tubular fenestrae are also sometimes associated with this 
facies but are volumetrically subordinate. The laminoid fenestrae are l-3mm in width, 
mostiy bed parallel and often form a complex, interconnecting network. They are spar-
filled and are found in facies with a mudstone or wackestone texture. Bioclasts are not a 
common component, yet where present include rare gastropods, bivalves, ostracodes and 
Amphipora branches. This S8a facies often grades up from an Amphipora-rich horizon 
(microfacies S4) or from pooriy-fossiliferous horizons (microfacies S6). 
Thin-section analysis identifies a rich microfossil and floral assemblage including 
calcispheres, parathuramminid forams, small ostracodes, Devonoscale algae, 
Labyrinthoconous algae and Girvanella. The facies is commonly extremely peloidal. 
Fenestrae are well developed, forming as bed-parallel laminoid-types (also apparently 
'concentrically' arranged around bioclasts (Fig. 4-14a)), irregular voids, or as tubular voids. 
The laminoid fenestrae commonly have irregular floors and tops, yet smooth floors are 
preserved on some fenestrae by the presence of internal sediments. This provides excellent 
geopetal information. The internal sediment fil l is mechanically deposited and composed of 
very fine-grained silt or light-coloured micrite. The silts are often greyish in colour and 
contrast greatiy with the matrix of the rock. Fine-grained pyrite is also sometimes 
associated with this sediment phase as are rare, very small peloids. Sometimes the 
fenestrae are completely filled by sediment. Several types of cement can be seen including 
isopachous fibrous calcite around the edges of fenestrae, and equant and drusy spar. 
Rarely the fenestrae are infilled with baroque dolomite. The matrix is commonly composed 
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of homogeneous micrite, which is variably peloidal. Fine-grained dolomite is locally 
abundant, especially in the Torbay Reef Complex. 
Depositional environment: Both laminoid and irregular fenestrae are the dominant void-
shape in microfacies S8a. Laminoid fenestrae are perhaps the most distinctive fenestral 
morphology and are commonly interpreted as forming through desiccation process (Shinn 
1968; Demicco and Hardie, 1994). When compared to modern environments this process 
is most likely to have occurred in the intertidal or lower supratidal zone where there was 
periodic wetting and drying (Ginsburg et al., 1977; Hardie and Ginsburg, 1977; Shinn, 
1983b). Laminoid fenestrae in the study area commonly have a mechanically deposited 
internal sediment-fill of silt or very fine-grained micrite. Using the criteria of Fliigel (1982) 
these sediments are vadose in origin since they are mechanically deposited, vary from the 
external matrix of the rock, fill primary vugs and are overlain by cements. The presence of 
vadose silt further supports elevation into the freshwater vadose meteoric realm and 
periodic subaerial exposure. The association of pyrite with some silts may suggest that 
they also could have formed by gas (H2S) evolution from decaying organic matter (Cloud, 
1960). Laminoid fenestrae are often associated with microbial mats occurring between mat 
laminae which may contain moulds of the cyanobacterial filaments (Davies, 1970; Logan et 
al., 1974; Hardie and Ginsburg, 1977; Hugel, 1982). There is, however, no evidence of 
microbial mats in microfacies S8a. Demicco and Hardie (1994) also noted that laminoid 
fenestrae can be produced through compaction of spherical gas bubbles. The presence of 
vadose silts in the study area, however, supports an intertidal to supratidal depositional 
environment. 
Irregular fenestrae form by a number of different processes, which are often very difficult 
to distinguish between. They can form through desiccation, as demonstrated 
experimentally by Shinn (1968). They can also form by decaying organic matter producing 
gas bubbles, leaching of evaporites or by inclusion of air during subaerial exposure and 
reflooding in intertidal zones as noted by Fliigel (1982; pgs 220-221). Bain and Kindler 
(1994) also noted the presence of irregular fenestrae in Bahamian aolianites which had a 
rainstorm origin. Although the inability to be able to determine the origin of irregular 
fenestrae hinders assignment to a distinctive depositional environment, their association 
with laminoid fenestrae and internal vadose sediment-fiUs suggests intertidal to supratidal 
environments. 
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Tubular fenestrae are present in some examples of microfacies S8a (Fig. 4.14a). These are 
thought have originated from burrows or roots as discussed in Section 4.2.2.3.3. Ginsburg 
and Hardie (1975) noted that there were numerous vertical burrows in the Recent 
Bahaman tidal flat deposits which were exposed 70% of the time. Since the intertidal 
environment is a relatively-stressed environment (variable salinities, water energy, 
desiccation), organisms were thought to have only occupied one or two burrows during 
their lifetime (Walker and Laporte, 1970). This may account for the relative lack of 
vertical fenestrae, compared to laminoid fenestrae. 
Since the fenestrae have excellent preservation, it is proposed that early cementation 
played an important role. Early cementation needs an active diagenetic environment and 
thus intertidal or supratidal fenestrae are often preserved well (Shinn, 1983a). Similar 
Devonian facies have been documented by Preat and Boulvain (1982), Preat et al. (1987) 
and Preat and Mamet (1989) in the southern Ardennes; Kasig (1980) and Wilder (1985) in 
the Aachen area of Germany; Krebs (1974) and Hong (1992) in the Brilon Reef Complex, 
Germany; Playford (1969), Read (1973) and Playford (1980) in the Canning Basin in 
western Australia; Playford (1969) in the Reef Complexes of Alberta, Canada; Smith and 
Stearn (1982) in the southern Ellesmere Island, Arctic Canada and Roche and Carozzi 
(1970) in southern peninsula of Michigan, USA. 
4.2.3.1.2 S8b microfacies -fenestral peloidal grainstones 
Microfacies S8b is not as abundant as microfacies S8a, being described only in the Cul 
d'Houille, TeerstraBenbau and Bleiwasche quarries. Strata are commonly well-bedded and 
range from 9cm to 96cm, commonly being around 25cm thick. In the field the facies have 
a distinctive 'sparkly' texture, reflecting the high spar content (Fig. 4-14b). It has a very 
light-grey colour and is commonly hard. This spar is not only present as a matrix phase, 
but also occurs within the fenestrae. Fenestrae are mostly laminoid in nature, forming 
complex, bed-parallel, interconnecting networks (Fig. 4-14b, c). These fenestrae are 
commonly 2-5mm long and sometimes have an intemal sediment-fill at the base. This 
sediment-fill is composed of very fine-grained peloids. The spar in the fenestrae is calcite 
and sometimes poikilotopic, encompassing several fenestrae. The margins of fenestrae are 
often composed of welded or amalgamated peloids, which appear to preserve the shape of 
the fenestrae. Irregular fenestrae are also present, having an unusual, or equidimensional 
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shape, with no apparent orientation. Some tubular fenestrae are present, but are 
subordinate in number. 
The host-rock is peloidal grainstone. The peloids are on average 0.05mm in diameter and 
are very well sorted. However, they are often concentrated around the margins of 
fenestrae. Thin, isopachous cements often form around the peloids. The facies is poorly-
fossiliferous with only rare calcispheres, Devonoscale and ostracodes being identified. 
Fine-grained calcite is the main interparticle cement. 
Depositional environment: The morphology of the fenestrae present in microfacies S8b is 
very similar to that of microfacies S8a and thus reference should be made to the discussion 
in Section 4.2.3.1.1 concerning their origin. The major differences between microfacies 
S8b and S8a is the composition of the host rock and cementation or diagenetic processes. 
S8b microfacies are composed of peloidal grainstones, which were presumably deposited 
in more agitated waters than the muds of S8a affinities. The presence of isopachous 
cements around many peloids suggests early diagenesis within the phreatic zone. Tucker 
and Wright (1992) noted that the most common cement in modem intertidal zones is 
acicular aragonite with isopachous geometries. These modem analogies, along with the 
presence of laminoid fenestrae, suggests deposition of microfacies S8b within the lower 
intertidal zone. The presence of poikilotopic calcite spar cannot elude to any depositional 
environment since it is a burial cement. 
Shinn (1983b) cautioned, however, that not all grainstones with fenestrae are indicative of 
intertidal conditions. Bahamian subtidal grainstones of Holocene age contain fenestrae-like 
voids. Most of these voids have either an irregular or laminoid morphology. Other features 
of the facies include a fully open-marine faunal assemblage, however, which supported a 
subtidal depositional environment. This is a feature which is not present in microfacies 
S8b. 
Microfacies S8b has also been identified by Preat and Mamet (1989) in the Belgian 
Ardennes. 
4.2.3.2 S9 microfacies - bioclastic grainstones with vadose cements 
Microfacies S9 is not common within the logged successions, occurring at only one 
horizon in Resteigne quarry, southern Ardennes. This microfacies is characterised by the 
presence of vadose cements. At outcrop scale the bed is 67cm thick and has an undulatory 
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and irregular upper surface. The facies is richly fossiliferous. Stringocephalus brachiopods 
are especially common in the top 30cm of the bed (Fig. 4-14d) and are associated with 
solitary corals, small colonial corals (thamnoporoids), crinoids, gastropods and shell hash. 
Commonly geopetal textures can be identified within the chambers of gastropods. The unit 
is patchily-cemented, especially in the top 30cm (Fig. 4-14d). Mostly the matrix is a dark-
grey, peloidal micrite. 
Thin-section analysis confirms the abundance of stringocephalid brachiopods. The shells 
are thick (3mm), well preserved, with rare micrite envelopes. Gastropods also display very 
well-developed micrite envelopes, are neomorphically altered to calcite spar, are well 
preserved and generally 10mm in length. The matrix is composed of an admixture of 
peloidal micrite and several generations of cement. The peloidal micrite is generally 
winnowed away in most parts, but is present in discrete patches. Early diagenetic cements 
are represented by the discrete development of vadose cements fringing the base of 
bioclasts (Fig. 4-14e). These calcite cements are 0.25mm to 0.5mm in length and only 
occur on the underside of bioclasts. Isopachous cements are common around many 
bioclasts and finally a late stage (burial) baroque dolomite is developed. No other 
sedimentary structures have been identified in this microfacies. 
Figure 4-14 a) Photomicrograph of S8a microfacies. Fenestrae are well-developed and are laminoid 
(L) , irregular (I) and also tubular (T) in nature. The fenestrae commonly have an internal sediment 
fill at their base (arrow) and some fenestrae are completely filled with internal sediment (S). Sample 
number BW32, Broadridge Wood quarry, Torbay Reef Complex, England. Scale bar = 2mm. b) 
Field photograph of fenestral peloidal grainstones (microfacies S8b). The fenestrae are mosdy 
laminoid in nature and present a complex interconnecting network. Photograph taken at 34.1m at 
Walheim Southern Limb Section, near Aachen, western Germany. Finger 16mm wide for scale, c) 
Photomicrograph of microfacies S8b. Note the dominance of laminoid fenestrae (L), which 
sometimes have an internal peloidal fill at the base (P). Sample number WSL21, Walheim Southern 
Limb Section, near Aachen, western Germany. Scale bar = 2mm. d) Field photograph of S9 facies. 
Note the dominance of Stringocephalus brachiopods, with their distinctive internal plate (P). The 
rock is patchily cemented, especially at the base of the bioclasts (arrow). Photograph taken at 5.1m 
at Resteigne quarry, southern Ardennes. Scale bar = 5cm. e) Photomicrograph displaying 
gravitational vadose cements (arrow) on the underside of a Stringocephalus valve. Sample number 
R9, Resteigne quarry, southern Ardennes. Scale bar = 2mm. f) Photomicrograph of fenestral 
laminite (microfacies SIO). The facies are dominated by very small peloids and are poorly 
fossiliferous. 'Clotted' cyanobacteria are locally common (C). Laminoid fenestrae are apparent often 
having an internal sediment-fill of vadose silt at their base (arrows). Sample number BL5, 
Bleiwasche quarry, Brilon Reef Complex, western Germany. Scale bar = 5mm. 
Also refer to Enclosure One 
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Figure 4-14 For figure caption see previous 
page. 
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Depositional environment: The bioclasts and other constituents of this microfacies 
resemble that of microfacies S3b, which was deposited in shallow, slightiy restricted 
waters (see Section 4.2.1.3.2). The presence of well-developed microstalactitic cements in 
microfacies S9 suggests that meteoric diagenesis has affected this rock and the facies has 
been subjected to vadose conditions. Tucker and Bathurst (1990) also comment that in the 
vadose zone dissolution of aragonite takes place and replacement of aragonitic grains is 
common. Therefore the dissolution of the gastropods present in this facies may well have 
also occurred in the vadose zone. These gastropods, however, possess well developed 
micrite envelopes so dissolution would have had to take place after the microbial 
micritisation process. Preat and Mamet (1989) also recognised a similar facies in the 
southern Ardennes and suggested an environment with sediment reworked by storm waves 
and subsequentiy subjected to expose and vadose diagenesis. 
4.2.3.3 SIO microfacies - fenestral laminites 
Microfacies SIO is relatively rare, being seen in the Walheim Southern Limb Section, 
Beauraing, Dourbes, Broadridge Wood and Bleiwasche quarries (see Appendix 1 and 
Appendix 2). The facies are mostiy well bedded and characterised by fenestral, microbial 
or cryptmicrobial laminites {sensu Kennard and James, 1986). Bedding ranges from 5cm to 
45cm. Millimetric laminae are clearly visible at outcrop-scale, commonly alternating 
between chocolate-brown and light-grey colours. Fenestrae are distinctive by their sparry 
appearance and laminoid (bed-parallel) nature. This facies sometimes grades into microbial 
laminites with no apparent fenestrae (microfacies SI2), associated intraformational 
mudchips (microfacies SI 1), or fenestral limestones (microfacies S8). 
Peloids are the most common grain in microfacies SIO (Fig. 4-14f). They mostiy occur in 
bed-parallel laminae along with poorly-preserved cyanobacteria or within lime mudstone 
laminae. The peloidal laminae may be up to 4mm in thickness, whereas cyanobacterial or 
mudstone laminae are thinner at 1 mm-1.5mm. Laminae are often wavy or undulatory in 
nature, but are usually fairly continuous. 'Clotted' cyanobacteria are sometimes present 
(Fig. 4-14f). Bioclasts are subordinate in number and include a very impoverished 
assemblage of ostracodes, calcispheres, Amphipora branches and parathuramminids. The 
matrix to this facies is composed of both micrite and sparite. Where peloids dominate, a 
spar cement is present. This cement is commonly fine-grained calcite, with no specific 
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mosaic. However, a rare isopachous cement is sometimes seen around some peloids. 
Authigenic quartz is locally abundant. 
Fenestrae are mostly laminoid in morphology, reaching up to 8mm in width (Fig.4-14f) 
and commonly 0.1 mm-1mm in height. An intemal sediment-fill of very fine-grained vadose 
silt is common. The margins of the fenestrae often consist of welded peloids. These peloids 
probably aided in preservation of the fenestrae. Medium- to coarse-grained calcite spar is 
present within the fenestrae, sometimes having a drusy mosaic. Tubular and irregular 
fenestrae are also present, but are not common. 
Depositional environment: Lamination in tidal-flat sediments generally results from spring 
or storm tide deposition (Ball et al., 1963). Shinn (1983a) suggested that horizontal 
laminae, whether they be late Palaeozoic or Recent, are restricted to the upper intertidal or 
supratidal environments, since burrowing organisms would otherwise destroy the 
structures. However, Demicco and Hardie (1994) and many others have pointed out that 
these cryptmicrobial or microbial laminites can develop in many settings and can originate 
in several different ways. Thus, it should not be assumed that they are always peritidal in 
origin (see discussion in Section 4.2.4.2). 
Microfacies SIO commonly displays laminites which are wavy or crinkled in morphology 
and have a fenestral component. The laminae always have a peloidal grainstone unit where 
very fine-grained peloids dominate and alternate with either a muddy or cryptmicrobial 
unit. The presence of clumps of cyanobacteria attests to microbially-influenced 
sedimentation. This is a repetitive process whereby (1) cyanobacteria colonise a surface 
and (2) storms deposit peloids into the high intertidal zone which the cyanobacteria then 
trap, thus producing lamination. 
Since the cyanobacteria are poorly preserved, it is difficult to establish what role they had 
in producing the lamination. In modem tidal flats three types of microbe can be identified, 
each having a different sediment-binding role (Demicco and Hardie, 1994). For example 
motile filamentous cyanobacteria agglutinate grains to their sticky sheaths and commonly 
form continuous layers. Immotile filamentous cyanobacteria on the other hand are often 
arranged into small tufts or bundles which baffle or trap grains. Finally mats dominated by 
non-filamentous coccoid cyanobacteria generally form intemally unlaminated sediments 
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with a clotted fabric. Since, in the study area lamination is mostly continuous, motile 
filamentous cyanobacteria may have been the dominant microbe. 
Smooth, continuous cyanobacterial mats are typical of levee-crest high intertidal 
environments of Andros Island in the Bahamas where exposure occurs up to 90% of the 
time (Demicco and Hardie, 1994). Smooth mats are also the most abundant type in the 
Tmcial coast, and are most commonly found in shallow pool and channel sites in the tidal 
flats (Tucker and Wright, 1992). Microbial laminated fenestral carbonates are also 
deposited in the intertidal zone of Shark Bay, Western Australia (Tucker and Wright, 
1992) . The use of Modern examples to interpret ancient analogues is extremely useful in 
situations such as these. However, caution should be used since ancient microbes could 
have had very different sediment-binding roles than those described today. The association 
of laminoid fenestrae with the microbial mats in the study area suggests that lamination has 
been disrupted, possibly through desiccation processes. Tucker and Wright (1992) and 
Demicco and Hardie (1994) suggested the presence of fenestral laminites indicates 
peritidal environments. It is important to note that some of the open-space stmctures in 
microfacies SIO are in fact 'shelter' fenestrae and thus were penecontemporaneous 'gaps' 
within the stmcture of the microbial mats which easily accommodated early cementation. 
Similar facies in the Permian of West Texas, USA (Shinn 1983a), in Late Triassic facies of 
Salzburg Austria (Fliigel, 1982) and in the Late Triassic of Sicily (from Fliigel 1982) have 
also been described, where upper intertidal to supratidal depositional environments were 
envisaged. Fenestral laminites have also been documented in the Devonian of the Ardennes 
(Boulvain and Preat, 1986; Preat and Carliez, 1994); of the Brilon Reef Complex (Krebs, 
1968; Krebs, 1974; Hong, 1994); of the Canning Basin, Western Australia (Read, 1973); 
of New York State, USA; of the Polish Gory Swietokrzskie Mountains (Preat and Racki, 
1993) ; of the western Canadian basin (Machielse, 1972); of Michigan, USA (Roche and 
Carozzi, 1970) and of the Northwest Territories in Canada (Morrow and Labonte, 1988). 
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4.2.4 High intertidal-supratidal microfacies group 
Supratidal sediments are deposited above normal high tide and are exposed to subaerial 
conditions most of the time. They are subject to flooding by spring and storm tides and this 
is when the majority of sedimentation occurs (Shinn, 1983a). The main influence on 
supratidal deposition is the prevailing climate (Tucker and Wright, 1992). 
In the study area supratidal deposits represent 4% of the total logged thickness (Fig. 4-7). 
The supratidal microfacies group can be divided into four major groups. Intraformational 
breccias and mud cracks characterise microfacies S l l . Cryptmicrobial laminites and 
stromatolites typify microfacies SI2. Microfacies S13 is composed of dolomicrites which 
have pseudomorphs of evaporites. Finally, calcrete development (microfacies S14) typifies 
prolonged exposure in the supratidal zone. 
4.2.4.1 S l l microfacies - intraformational breccias 
Microfacies S l l is poorly represented in the study area, only being well-developed at 
Resteigne quarry, Bleiwasche quarry and Walheim Section 1. The facies is commonly 
poorly bedded, locally grading from cryptmicrobial laminites (microfacies S12) or into 
poorly-fossiliferous horizons (microfacies S6) or into laminites again. The units are often 
thin, averaging 4cm-14cm in thickness. The facies is characterised by mud polygons, or 
mud chips/breccias associated with the destruction of mud polygons. Well-preserved mud 
polygons have only been identified at Resteigne quarry in the southern Ardennes, where 
they reach 18cm in diameter. Mud chips, however, have been more widely observed and 
are mostiy associated with the upper surface of laminite facies (Fig. 4-17a). Intraclasts of 
laminites (mudchips) are angular and can be up to 50mm in length, or as small as 3mm. 
They are distributed either parallel to- or inclined to bedding and tepee structures are 
locally seen. These horizons are usually laterally continuous, as far as the outcrop will 
allow. The matrix is mostiy micritic. 
Depositional environment: "Probably no single sedimentary structure is better known or 
more indicative of a depositional environment than polygonally-arranged mudcracks 
caused by shrinkage of carbonate mud" (Shinn, 1983a). 
Mud cracks, or mud polygons arise from the drying and desiccation of carbonate muds or 
microbial laminites during exposure in the supratidal zone. These 'muds' are therefore often 
thin storm-derived deposits, or microbial mats. Mud polygons, because of their desiccated 
Chapter 4 •120 
Microfacies 
nature, are highly susceptible to erosion and redeposition by storms. This is when thin 
intraclast lags composed of mudchips are deposited. These mud chips, or intraclasts are 
angular in nature suggesting only a very short transport distance. Indeed when Hurricane 
Donna hit Florida Bay in 1960, flat-pebble breccias were ripped-up from mud polygons 
and almost instantaneously redeposited on a small supratidal flat (Shinn, 1983a). 
Microfacies S11 is only locally developed in the study area where it is probably deposited 
through storms in the supratidal zone. 
4.2.4.2 S12 microfacies - laminites and stromatolites 
Sediments with a microbial or cryptmicrobial' lamination are very common within the 
rock-record. Their origins, however, are not so easy to determine since there are many 
mechanisms which can produce microbially-laminated sediments and these processes can 
occur in several different environments (Demicco and Hardie, 1994). Microbial stmctures 
can be divided into two main groups: laminites and stromatolites. Laminites are generally 
planar, wavy or crinkled and without significant relief, whereas stromatolites are "discrete, 
in-place structures with recognisable boundaries that are characterised by 'gravity-
defying' internal lamination reflecting addition of material to a discrete surface" 
(Demicco and Hardie, 1994). 
Microbial laminites generally originate in four main ways (Table 4-5). However, in ancient 
examples it is often quite difficult to differentiate between these different origins. 
Qifigin of lamiilite Mechanism 
Non-microbially influenced 
sedimentation 




Cyanobacteria agglutinates or baffles sediments. Continuous, 
wavy or crinkled laminae 
Precipitated fabrics May be biogenic or abiogenic. Crystalline layers precipitated 
due to supersaturation of carbonate in the pore waters. 
Litt le or no sedimentation or 
precipitation 
Long periods of microbial mat development with very little 
storm detritus or carbonate precipitation. 
Table 4-5 Origins of microbial mats and their mechanisms of deposition. See Demicco and Hardie 
(1994) for discussion. 
' A term coined by Kennard and James (1986) where sedimentary rocks are believed to have formed 
through the sediment-binding role of cyanobacteria, yet there is now little preservation of the 
cyanobacteria themselves. 
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Figure 4-15 Characteristics of modern microbial layers. C = common, R = rare. Figure taken from 
Demicco and Hardie (1994). 
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The differing characteristics that microbial mats portray (i.e., composition, continuity of 
laminae, origin) can allude to the environment in which they were deposited, since not all 
microbial mats are deposited in peritidal environments (Fig. 4-15). 
Stromatolite-type 
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Figure 4-16 Classification of stromatolites, after Logan et al. (1964). 
Three major morphologies can be seen in stromatolites (Logan et al., 1964; Fig. 4-16). 
LLH stromatolites are characterised by small domes which are laterally linked to each 
other, either closely (-C), or spaced (-S). SH stromatohtes are discrete, vertically stacked, 
hemispheroids (domes) which are not linked laterally to other hemispheroids. These can 
have either a constant basal radius (-C) or variable basal radius (-R). Finally SS 
stromatolites are discrete spheroidal structures which coat particles (oncoids). These have 
already been discussed in Section 4.2.2.3.4. Combinations of these annotations can be used 
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to describe complex morphologies. The environmental significance of stromatolite 
development is not unique, since it involves a complex interaction of factors such as relief, 
sedimentation rate, periodicity of sediment input, influence of burrowing, chmate and type 
of microbe. This will be further discussed in Section 4.2.4.2.2. Further reference should be 
also made to Section 4.2.2.3.4 and Figure 4-15. 
In the study area laminites are the most common high intertidal-supratidal deposit 
identified, accounting for 3% of the total logged thickness (Fig. 4-9). They are mostly 
developed in the broad shelf lagoon, yet are also seen in the Brilon Reef Complex. 
Microfacies S12 can be further divided, on the basis of origin of the laminites. Microfacies 
SI2a is composed of continuous, planar couplets where evidence of a microbial 
component is lacking (cryptmicrobial) whereas microfacies SI2b has more relief to the 
laminae and a convincing microbial aspect. 
4.2.4.2.1 S12a microfacies - cryptmicrobial laminites 
Planar laminites, characterising microfacies SI2a are common within many broad shelf 
lagoon successions. Bedding is commonly thin, on average 5-30cm thick, yet can locally 
reach up to 165cm thick. In the field this facies is very distinctive, due to its light grey to 
buff colouration and banding on a millimetre scale (Fig. 4-17b). Lamination is often 
laterally continuous, although discrete bioturbation can locally destroy this feature. The 
facies sometimes grades into a fenestral laminite (microfacies SIO) and rarely mud 
polygons cap this facies. Intraformational breccias, composed of angular mud chips of 
laminites sometimes interfinger with this facies. Rarely, erosion surfaces cut into the top of 
this facies (see Figure 4-8). Macrofossils are absent. 
Thin-section analysis identifies two main types of laminae; mudstone and grainstone (Fig. 
4-17c). The mudstone laminae are slightly 'clotted' in nature with a very small peloidal 
component. 'Stringers' of cyanobacteria are locally seen. Bioclasts are uncommon. 
However, pyrite is apparent as is rare detrital quartz. These laminae are on average 0.2mm 
to 0.75mm in thickness and are often thinner than the grainstone laminae (although they 
can reach up to 6mm in thickness). Lamination is mostly laterally continuous and bed-
parallel. The grainstone laminae are more peloidal in nature. Peloids are characteristically 
very small (0.05mm) and are sometimes graded. These laminae are thicker than mudstone 
laminae, commonly being 0.5mm to 2mm. Lamination sometimes occurs in lenses, yet is 
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mostiy laterally continuous. Pyrite is a common component. Sponge spicules are 
sometimes identifiable. 
Depositional environment: Laminites of SI2a affinities are deposited by a two-fold 
process. Initially, microbial mats colonise a surface, then either storms or tides impinge 
onto these mats where the cyanobacteria either agglutinate or baffle the sediment. This 
process is then repeated. The storm sediment is mostiy composed of peloids and graded 
microlaminae can sometimes be seen. Thus mudstone/cyanobacterial laminae represent 
'background' sedimentation, whereas peloidal grainstones are event beds. The environment 
in which these cryptmicrobial mats developed is not one where there were many burrowing 
organisms, since the continuous, bed-parallel lamination is well preserved. This rules out 
most subtidal and lower intertidal environments. Similar facies have been identified in 
modern supratidal environments of the Great Bahama Bank (Demicco and Hardie, 1994, 
pg. 92 figure 70D). 
This facies has been extensively documented in the Devonian of the study area (i.e., 
Boulvain and Preat, 1986; Preat and Mamet, 199;). 
4.2.4.2.2 S12b microfacies - microbial laminites/ L L H stromatolites 
Microfacies SI2b is composed microbial laminites or LLH stromatolites where laminae are 
wavy and have a clear cross-cutting nature. In the study area this facies is only seen in the 
broad shelf lagoon and is especially well developed at Alt Breinig quarry near Aachen in 
Germany. This facies is mostiy thinly bedded, on average 10-30cm in thickness. It is very 
distinctive in field, having a wavy lamination which possesses a vertical relief (Fig. 4-17d). 
The facies is commonly light-grey in colour and is unfossiliferous. 
Thin-section analysis once again identifies two major laminae; peloidal grainstone and 
mudstone. The pelsparite laminae are extremely peloidal where peloids range between 
0.1mm to 0.5mm in diameter. They are mostiy well sorted and sometimes show grading. 
The peloids often possess an intemal fabric which appears cyanobacterial in nature. 
Intraclasts are also locally abundant. They are commonly elongate, subangular or angular 
and can be up to 2mm in length. Laminae have variable thickness (from 0.5mm to 4mm) 
and commonly have a wavy and cross-cutting nature although they do tend to be laterally 
continuous on the whole. The sparitic cement is composed of fine-grained calcite. 
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Mudstone laminae are apparently unfossiliferous and have a 'clotted' appearance with some 
identifiable peloids. Cyanobacteria are again not well preserved. The laminae have variable 
thickness (0.5mm to 5mm, 1mm on average) and are commonly not laterally continuous. 
Depositional environment: The laminites or LLH stromatolites probably originate by the 
interaction of several mechanisms. There is an obvious microbial component since the 
facies exhibits domal or hemispheroidal structures which are 'gravity-defying' (sensu 
Demicco and Hardie, 1994; Fig. 4-19d) as sediment is present on near-vertical sides on the 
dome (Fig. 4-19d). Thus cyanobacteria must have assisted deposition by agglutinating the 
sediment. The flanks of these hemispheroids, however, also have 'wedge-like' laminae 
which apparently onlap onto the main hemispheroid. These wedges of sedimentation have 
all the morphological characteristics of bedload deposition where microbial process may 
not have played such an important role. 
Logan et al. (1964) and Shinn (1983a) suggested that LLH-S stromatolites characterise 
the upper intertidal or supratidal environment, where there may be high tides and wetting 
by storm-waves. Demicco and Hardie (1994) also concluded that stromatolites with 
lenticular or wavy-bedded units typify peritidal development. Hardie and Ginsburg (1977) 
noted the presence of well-laminated stromatolites, 6cm in height and 12cm in diameter on 
the tidal creeks of Andros island. 
The presence of LLH stromatolites in the study area is not well documented. Wavy and 
thrombolitic laminites have been documented by Boulvain and Preat (1987) in Givetian of 
the southern Ardennes where their association with fenestral laminites and channel-fill 
deposits suggested a complex and highly interactive intertidal-supratidal palaeosetting. 
4.2.4.3 S13 microfacies - dolomicrites 
S13 microfacies is characterised by unfossiliferous dolomicrite. The dolomicrites are 
relatively uncommon, being identified only in the broad shelf lagoon at Sourd d'Ave 
section, Keldenich quarry and Walheim Section 2. The beds are usually fairly planar and 
well bedded; however, at Sourd d'Ave a slightiy undulating upper surface is recognised. At 
outcrop scale the rock is unfossiliferous, rather hard, with no sedimentary structures 
present. A mottied texture is rarely seen at Keldenich quarry. 
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In thin section the rocks are very fine-grained dolomites. The dolomite crystals are often 
well-developed rhombs and are admixed with very fine-grained micrite. Fossils are rare, 
yet include a very restricted assemblage of ostracodes and parathuramminid forams. In 
discrete patches, coarser-grained microspar or dolomite occurs (Fig. 4-17e). These patches 
have a specific form, with straight edges and a diamond or lozenge shape. They are on 
average 1mm in diameter. No other sedimentary stractures are preserved. 
Depositional environment: These dolomicrites are similar to the R7 facies identified within 
the ramp successions, except that they are not laminated. Once again this facies was likely 
to be originally micritic in nature, but later was replaced by very fine-grained dolomite. 
Some of the micrite still remains in many samples. The lack of a rich fossil assemblage 
suggests restricted circulation. No sedimentary structures are preserved, so it is possible 
they have been destroyed by bioturbation. The presence of discrete patches of dolomite 
having straight-edges and specific forms would suggest the dolomite is pseudomorphing 
another mineral. Either gypsum or anhydrite are probable suggestions for this mineral. 
Evaporite minerals are associated with many peritidal carbonates and more readily occur in 
arid or semi-arid environments (Tucker and Wright, 1992). This facies has also been 
described by Preat and Mamet (1989) and Preat and Carliez (1994) where dolomitic 
pseudomorphs after gypsum are common. As with the facies described here, the dolomite 
crystals within the pseudomorphs are coarser than those of the matrix (Preat and Mamet, 
1989). Demicco and Hardie (1994) commented that intrasediment growth of evaporite 
crystals (halite, gypsum or anhydrite) provides unequivocal evidence of post-depositional 
crystallisation in an evaporitic environment. Wilson (1975) suggested that unlaminated, 
homogeneous, unfossiliferous micrites with evaporitic crystals (SMF 23) were mostiy 
deposited in hypersaline tidal ponds. These facies therefore are interpreted as being 
deposited in a shallow, calm, highly restricted environment that was then subjected to 
evaporitic, subaerial conditions. 
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Figure 4-17 a) Field photograph of mud chips (micro&cies S l l ) . The mud chips are derived from mud 
polygons which were desiccated and redeposited during storms in the supratidal zone. Photograph 
taken at Resteigne quarry, southern Ardennes. Width of pencfl barrel = 10mm for scale, b) Field 
photograph of microbial laminites (microfecies S12a). Note the lato-al continuity of the laminae. 
Photograph taken at Resteigne quarry, southern Ardennes. Tape measure 5cm in diameter for scale, 
c) Photomicrograph of cryptmicrobial laminites. The laminae are composed of (1) mudstones which 
display a 'ctotted' texture and (2) peloidal grainstones. Sample number R15, Resteigne quarry, 
southern Ardennes. Scale bar = 5mm. d) Field photograph of L L H - S stromatolite (micro&cies S12b). 
The hemispheroids have relief of approximately 6cm and are laterally linked. Photograph taken at Alt 
Breinig quarry, near Aachen, western Germany. Scale is in 1cm increments, e) Photomicrograph of 
S13 fades. Note the flne-grained slightly peloidal matrix (M), patchy microspar development and 
pseudomorphing after ?anhydrite (A). Note also the straight-edges to the pseudomorphed crystal 
(arrow). Sample number KL13, Keldenich quarry, Sotenich, western Germany. Scale bar = 1mm. 
Also refer to Enclosure One 
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4.2.4.4 S14 microfacies - calcretes 
S14 microfacies are characterised by the development of calcrete profiles. These calcretes 
occur at three horizons; at the base of the Broadridge Wood quarry section and at 37.4m 
and 40.0m at the Cul d'Houille section (see Sections A2.6 and A2.7 for logs). The upper 
surface of these calcrete units are generally very well defined and abrupt. Often the surface 
is undulating. This S14 microfacies is laterally continuous and very distinctive in the field. 
It is best developed at 40.0m in the Cul d'Houille section, where it reaches up to 30cm in 
thickness. In this calcrete 3 main horizons can be identified: an argillaceous horizon at the 
top of the unit (Horizon 1), a horizon with anastomosing veins and cracks containing clasts 
of the host rock (Horizon 2) and at the base the little altered bedrock (Horizon 3) (Fig. 4-
18). 
Horizon 1, which is dominated by buff coloured, argillaceous ?clays, can be up to 12cm in 
thickness, but is laterally discontinuous. Clasts of the host limestone are common 
components. These clasts are generally subangular to subrounded in shape and range from 
less than 1mm in diameter to greater than 100mm in diameter. Where the clasts have a 
long axis, they are generally aligned parallel to bedding. The argillaceous matrix generally 
wraps around the clasts. 
The contact between horizons 1 and 2 is transitional. Horizon two is characterised by 
anastomosing veins or cracks which are filled with clasts of the host limestone and 
supported by a cream coloured, very soft matrix (Fig 4-19a). In thin section this matrix 
consists of an admixture of clays and calcite and dolomite crystals/grains (Fig. 4-19b). The 
calcite crystals have probably been washed in. They range from 0.2mm to 3mm in diameter 
and are subangular to subrounded in shape. They show no graded bedding, yet have a 
close packing. Dolomite crystals are not as common, yet where present show a well-
developed euhedral rhombic shape and are inclusion-rich. Rarely the dolomite crystals are 
dissolved or plucked-out, leaving a i-homb-shaped void. The clays associated with the 
matrix are a beige colour and fibrous or elongate in nature. Iron-staining or impregnation 
is a common feature of this rock and it preferentially surrounds cavities or clasts (Fig. 4-
19c). The iron is opaque or a dark-red colour in thin section and is apparent in three forms; 
as equant well-developed hexagonal crystals, as filamentous, bushy or hairy masses, or as 
very fine-grained masses. 
Chapter 4 • 129 
Microfacies 
B 
Figure 4-18 a) Characteristic calcrete profile at Cul d'Houille section. 1 - argiUaceous, buff-coloured 
clay-rich horizon. Up to 12cm in thickness. Contains small clasts of host rock. 2 - horizons with 
anastomosing veins/cracks. Cracks contain small clasts of host rock in soft white-coloured matrix. 3 -
bedrock, b) Field photograph showing these three horizons. Photograph taken at 40.0m, Cul 
d'Houille quarry, southern Ardennes. Scale divisions = 1cm. 
The clasts in horizon two vary in size from less than 1mm to up to 50mm in diameter. 
They are generally subrounded in shape. The clasts are composed of monospecific, slightly 
fossiliferous micrite, the same as the host rock. In thin section rare fenestrae are present, as 
are vadose microstalactitic cements. Calcite-filled circum-granular cracks are present 
around some grains. Another feature of interest is the presence of calcite-filled voids which 
are surrounded by dense peloids (Fig. 4-19d). These 'coated' features are on average 
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1.25mm in diameter and once again are surrounded by an iron coating. No alveolar 
structures have been identified. 
The host rock is composed of fossiliferous micrite. The micrite is slightly peloidal and 
completely bioturbated. Bioclasts include well-preserved leperditicopid ostracodes, 
calcispheres and rare dendroid stomatoporoids. 
Circum-granular cracks are a very prominent feature in the S14 microfacies of Broadridge 
Wood quarry (Fig. 4-19e). They generally surround grains such as dendroid 
stromatoporoids and clasts. A characteristic of this rock is the mottled and floating 
textures it exhibits. Clasts of the host rock (a slightly bioclastic micrite) are surrounded 
and supported by a microspar matrix. This matrix is generally fine-grained; however, it 
does become medium-grained in discrete pockets. The clasts range in size from 0.2mm to 
10mm in diameter and are generally angular or subangular in shape. At the Broadridge 
Wood section an argillaceous upper unit (horizon 1 of Cul d'Houille) is not present. 
Depositional environment: Most of the features present in these rocks are suggestive of 
subaerial exposure and development of calcrete horizons. It is difficult to determine if 
there was a biogenic component. The macrofeatures and overall structure of the unit at 
Cul d'Houille is similar in appearance to some modem day calcretes of Barbados (James, 
1972). The latter calcretes are coated with a superficial crust (not present at Cul 
d'Houille); however, loose chalky limestones underiie these crusts and developed to a 
depth of several metres until recognisable marine limestone. These latter features are very 
reminiscent of the section at Cul d'Houille. 
Figure 4-19a) Photograph of cracks/veins containing clasts of the host rock, supported by a milky-
white soft matrix. Photograph taken at 40.0m, Cul d'Houille quarry, southern Ardennes, b) 
Photomicrograph of cracks/veins, so common in the S14 microfacies. The fill of the cracks is 
composed of detrital calcite (C) and rare dolomite. The matrix (M) is dominated by clays (sepiolite 
or palygorskite?) and well-developed ?hematite crystals (H). Sample number CDH28, Cul d'Houille 
quarry, southern Ardennes. Scale bar = 2mm. c) Photomicrograph showing textures associated with 
calcrete development. Iron-staining is particularly well developed and preferentially surrounds 
cavities or clasts. Sample number CDH28, Cul d'Houille quarry, southern Ardennes. Scale bar = 
1cm d) Sketch of potential root structures. Note the dense array of peloids surrounding the calcite 
filled sphere, the possible coating of cyanobacteria and the iron-staining surrounding the feature. 
Sketch drawn from sample CDH28, Cul d'Houille quarry, southern Ardennes. Scale bar = 0.5mm. e) 
Photomicrograph of calcrete horizon developed at Broadridge Wood Quarry. Note the development 
of circum-granular cracks (arrows) and floating texture to clasts (C). The mottled matrix is also very 
common in these alpha calcretes. Sample number B W l , Broadridge Wood quarry, Torbay Reef 
Complex, England. Scale bar = 1cm. Also refer to Enclosure One 






Figure 4-19 (caption on previous page) 
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The origin of the cracks is probably related to wetting and drying and temperature 
changes. These cracks, which are of variable shape and size are common in many calcretes 
(Wright and Tucker, 1991). The fill of the cracks and veins is an admixture of clay and 
broken calcite crystals. The calcite crystals could have formed near or at the surface of this 
unit and were later reworked into the veins and cracks. It is difficult to identify the clays 
without xray diffraction (not undertaken in this study); however, they are similar to 
sepiolites and palygorskites described by Hay and Wiggins (1980) and Watts (1980). 
Sepiolite is a common clay mineral in modem calcretes and precipitates mainly as thin 
layers, veinlets and cavity-fills (Hay and Wiggins, 1980). It is also associated with very 
mature calcretes and dolomites (Watts, 1980). It is an authigenic mineral. Palygorskite is 
also common in many modem and ancient calcretes (Watts, 1980). The concentration of 
red-staining (hematite) around the cracks/veins indicates oxidation and thus exposure to 
air or oxidising pore-waters. This characteristic is also recorded in Quaternary soils of 
Spain (Atkinson, 1986) and tropical soils of Rwanda (Stoops, 1989). The filamentous 
nature of the iron may also indicate a microbial influence, since it shows great similarities 
to encrusted iron microbes of the Belgian deep-water mud-mounds (see pg. 28 of Monty, 
1995) and Devonian hematite-stained limestones in the Czech Republic (Mamet et al, 
1997). 
Microstalactitic cements within voids indicate precipitation within the vadose zone. 
Circum-granular cracks are also a characteristic feature of calcretes (Wright and Tucker, 
1991). Al l of the features present in the horizon at Cul d'Houille are indicative of an alpha-
type calcrete, as described by Wright (1990). This calcrete-type is suggestive of a non-
biogenic origin. The distribution of alpha calcretes is apparently climatically controlled and 
occur in more arid cUmates with littie biological activity (Wright and Tucker, 1991). The 
only evidence of possible vegetation is the presence of coated, calcite-filled voids (Fig. 4-
19d). These are possibly root tubules, although no alveolar fabrics are present. These 
features are very similar to the Carboniferous rendzinas documented by Wright (1983; 
page 163, figure 4F). 
The calcrete horizon present at Broadridge Wood Quarry is indicative of an alpha-type 
calcrete also. Circum-granular cracks, floating grains and mottled textures are all 
suggestive of subaerial calcrete horizons that developed with a non-biogenic influence 
(Wright, 1990). 
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The amount of time which it takes to forma a calcrete horizon is dependant on numerous 
factors such as climate, temperature, host rock (whether it is indurated or loose) and sea-
level fluctuations. The maturity of a calcrete, however, is time-related. Tucker and Wright 
(1992) recognised 5 stages of calcrete which developed in exposed carbonate sediment 
(Fig. 4-20). Stage 1 represents immature calcretes and stage 5 a mature calcrete. The 
calcretes at Cul d'Houille and Broadridge Wood are likely to be at stage 2 or 3. 
i Rhizoconcretions J? Open channels ® Calcrete mottle Laminar calcrete 
/ Strin gers Calcrete micrite Surface soil 
Figure 4-20 Stages in calcrete development in exposed carbonate sediments. Stage 1 is the most 
incipient calcrete and stage 5 is the most mature, multi-brecciated calcrete. Diagram taken from 
Tucker and Wright (1992). 
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4.2.5 Microfacies associations and summary 
The microfacies described in Sections 4.2AA to 4.2.4.4 were all deposited in highly 
interactive platform interior or lagoonal environments which occurred in two main 
palaeosettings: a broad shelf lagoon or isolated carbonate platform. Characteristics of 
modem-day carbonate systems have aided interpretation of these facies. However, since 
their deposition depends upon the complex interaction of factors including water energy, 
prevailing climate (including average temperature, temperature fluctuations, wind), 
saUnity, topography, tidal ranges and response of organisms to these variations, factors all 
of which for the Devonian are largely unknown, the proposed environmental 
interpretations are by no means unique and a best-judgement has been made with the 
available data. 
Figure 4-21 synthesises the data presented in Section 4.2 as a schematic cartoon. As a 
recap, fourteen major microfacies are identified which can be grouped into four main 
groups. Microfacies SI , S2 and S3 are included in the 'semi-restricted subtidal facies 
group', where sedimentation was always subtidal in nature and facies had a rich faunal 
assemblage which although diverse, did not represent fully open-marine deposition. 
Microfacies S4, S5, S6 and S7 were either poorly fossiliferous, or had a restricted faunal 
assemblage (i.e., Amphipora, gastropods) and were deposited in shallow, often low-
energy, restricted waters. The remaining microfacies (S8-S14) can be grouped into the 
intertidal facies group (88, S9, 10, S l l ) and supratidal facies group (S12, S13, S14) 
although differentiating between intertidal and supratidal deposition often proves very 
difficult. Calcrete development (S14) represents prolonged exposure in supratidal-
subaerial environments and is the most restricted microfacies recorded in the area. 
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Carbonate complexes 
5. Development of the Middle to Upper Devonian carbonate complexes 
This Chapter documents the evolution and development of the carbonate complexes 
studied for this thesis. A differentiation is made between the geometries of the carbonate 
complexes. Initially the broad shelf lagoon covering the Belgian Ardennes through to 
Aachen and Eifel areas of Germany will be discussed. Section 5.2 will document the 
development of isolated carbonate complexes in Germany and Southwest England. 
Although Chapter 5 concentrates mainly on back-reef environments, the development of 
the complexes as a whole will be discussed. Throughout this Chapter reference wOl be 
made to the Appendices (1 and 2) since this is where thin-section information and detailed 
logs are presented. 
5.1 Broad Shelf Lagoon 
Middle and Upper Devonian sedimentation in the Ardennes, Aachen and Eifel areas 
occurred on a shelf setting which bordered the Old Red Continent (Brabant Massif) to the 
north (See Figure 2-8). The shelf was fringed to the south by a barrier-reef system, which 
trended in a broadly WNW-ESE direction from the Boulogne area in northern France 
through to southeast Belgium. The development of this barrier-reef enabled back-reef 
sedimentation to occur in a broad shelf lagoon, a focal area of this study. 
Underlying the carbonate shelf. Lower Devonian elastics (fluvial and marginal marine) 
unconformably lie upon Lower Palaeozoic strata (Burchette, 1981). The deposition of 
carbonate facies and the development of a carbonate platform was diachronous in a 
northerly direction. The transgression over fluvial elastics had reached Dinant by 
Lochkovian times; by the Emsian it had reached the Eifel area, and in the Namur and 
Aachen areas carbonate sedimentation was initiated in the early Givetian (Burchette, 
1981). 
Initially, the carbonate platform in the Ardennes-Eifel-Aachen area had a ramp geometry 
where there were gentle dips and no sudden breaks in slope. At the beginning of the 
Givetian, however, differentiation of pelagic, reef and back-reef facies occurred, 
suggesting evolution of the platform into a shelf, where stromatoporoid-reefs developed 
on the southerly shelf margin (Tsien, 1971). The largest area of this complex was occupied 
by shelf-lagoons (see below). The shelf was bounded to the south by a pelagic shale basin, 
itself a westerly extension of the Rhenohercynian Trough. 
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The orientation of the lagoon in the Givetian and Frasnian shelf setting was likely to have 
mimicked the Old Red Continent margin, thus running in an east-west direction. The shelf-
lagoon was thought to have reached 50-60km in width from reef to shore (Burchette, 
1981) and covered an area of maybe 15,000km^ (accounting for the 30-50% shortening 
produced by the Variscan Orogeny; Wunderlich, 1964; Sanderson, 1984). Styles of 
sedimentation and thickness of formations were influenced by several factors: 
1. The proximity of the carbonate platform to the Old Red Continent. Sediments fringing 
the Old Red Continent are much thinner than those near the reef (l-2m in the 
periodically exposed massif (Kimpe et al, 1978) compared to 1700m in the southern 
limb of the Dinant Basin). Back-reef sedimentation also has a more restricted nature 
closer to the shore, with evidence of exposure horizons, whereas near the reef, facies 
show a more diverse assemblage and sedimentation is mostly subtidal in nature. 
2. Areal position within the lagoon. The Givetian platform was dissected by fault-blocks 
trending normal to the palaeoshoreline (Kasimi and Preat, 1996). Differential 
subsidence of these fault blocks resulted in thickness variations across the shelf. 
3. Presence of crystaUine basements, providing positive land masses. It is difficult to assess 
the influence which crystalline basements such as the Stavelot-Venn and Rocroi Massifs 
had on shelf sedimentation. For example the massifs may have dissected the shelf, or 
provided clastic input to essentially carbonate-dominated areas, but because of the poor 
outcrop in the area these influences are as yet unknown. Present-day outcrop patterns 
would clearly suggest the Stavelot-Venn inlier separated the Eifel area and the 
Ardennes-Aachen area (Fig. 5-1), yet its influence during the Devonian is hard to 
determine. 
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Post- Carboniferous Middle & 
Carboniferous & Upper Dev. Upper Dev. 
elastics limestones 
Lower Silurian & 
Devonian Cambrian 
Figure 5-1 Generalised geological map showing the outcrops of Devonian rocks in the 
Ardennes-Aachen-Eifel area. 
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Middle and Upper Devonian limestones occur in a broad band trending E-W across 
southern Belgium and northern France and in a NE-SW direction in the Aachen and Eifel 
areas of western Germany (Fig. 5-1). The majority of outcrops lie in the Dinant and Namur 
anticlines, the Aachen area north of the Stavelot-Venn Massif and in small anticlines in the 
Eifel area. Back-reef sedimentation can be seen as far west as the Ferques inlier (Wallace, 
1969; Wallace, 1976; Brice et al, 1979; Brice et al., 1984; Brice, 1988; Brice et al., 
1989); however, this area has not been examined in this study due to problems of 
accessibility. The most easterly outcrops within the shelf lagoon are seen in the Aachen 
and Eifel areas of Germany with the eastern margin delineated by the River Rhine 
(reflecting a ancient fault-system?). 
Nineteen successions throughout the outcrop tract in southern Belgium, northern France 
and Aachen area of Germany have been studied (Fig. 5-2; Table 5-1). The strata range 
from early Givetian through to the middle Frasnian where both ramp and shelf successions 
have been studied (Fig. 5-3). The following Sections aim to document the large-scale 
evolution of the shelf lagoon through the Givetian and Frasnian with respect to facies-
types, early diagenesis and cyclicity. For detailed logs the reader should refer to Appendix 
2, and for thin-section information, Appendix 1 tabulates the findings. 








Glageon quarry 1:25,000, Sheet 57(5-6), co-ordinates not 

































Dourbes quarry 1:25,000, Sheet 58(5-6), Olloy-sur-Viroin -
Treignes. 06.1445 55.4970 
41.8m 
(Section A2.8) 
Froid Lieu quarry 1:25,000, Sheet 59(5-6), Pondrome-WelHn, 
co-ordinates not available. East of Froid Lieu 
village, set back N of N40 road. 
28.8m 
(Section A2.9) 




Nismes quarry 1:25,000, Sheet 58(5-6), Olloy-sur-Viroin -





1:25,000, Sheet 58(5-6), Olloy-sur-Viroin -
Treignes. 06.1350 55.4850 
43.6m 
(Section A2.19) 
Resteigne quarry 1:25,000, Sheet 57(5-6), co-ordinates not 
available. Quarry N of Resteigne near the 
River Lesse on the road to Belvaux 
88.0m 
(Section A2.20) 
Sourd d'Ave section 1;25,000, Sheet 59(5-6), Pondrome-Wellin, 
co-ordinates not available. Roadside outcrop 




Vaucelles quarry 1:25,000, Sheet 58(1-2), co-ordinates not 
available. Overgrown quarry NW of 
Vaucelles, on road to Doische 
19.6m 
(Section A2.25) 
























Table 5-1 List of studied successions, and their locations. 
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Figure 5-2 Maps showing localities of logged sections (X ) in the broad Devonian shelf lagoon. 
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5.1.1 Eifelian-Givetian boundary 
Ardennes 
The base of the Givetian in the Ardennes sees the transition from ramp to shelf facies. 
Ramp facies of late Eifelian and early Givetian age have been studied in the Ardennes in 
several successions, including Glageon quarry, the base of the Resteigne quarry and base 
of Olloy-sur-Viroin and Froid Lieu quarries (Table 5-1). The facies descriptions have 
already been discussed in Chapter 4, where seven major microfacies were identified 
ranging from outer ramp to intertidal-supratidal. Since these ramp successions are not the 
focus of the study, the reader should refer to the publication list supplied in Table 4-2 for 
more detailed information. 
The upper Eifelian to lower Givetian ramp was of a homoclinal-type where there was no 
distal steepening and gentle, uniform slopes of only a few degrees inclination prevailed 
(Preat and Kasimi, 1995). This environment was often subjected to periodic storms, as 
represented by thin graded beds and redeposition of shallow-water faunas into deeper 
environments (microfacies R2). The ramp was also dissected by a number of fault blocks, 
with differential subsidence rates during the Eifelian (Kasimi and Preat, 1996). This had a 
profound effect on sedimentation styles and resulted in varying thickness of sediments 
across the platform (Bultynck, 1970). 
The basal 72m of the succession at Glageon quarry are in the upper Eifelian-lowermost 
Givetian Hanonet Formation and represent the longest logged succession in ramp facies. 
The succession is open-marine in nature, with deposition varying from outer ramp 
argillaceous mudstones and wackestones to high-energy inner ramp oolitic and peloidal 
grainstones. Bioclasts are diverse and abundant, with crinoids, brachiopods, brachiopod 
spines, bivalves, gastropods, bryozoans, tentaculitids, trilobites, corals and 
stromatoporoids (see log in Section A2.10 and thin-section tables in Section Al.2.10). The 
matrix is mostly micritic, apart from the volumetrically subordinate high-energy 
grainstones which are sparitic. Bioturbation is common, especially in middle and outer 
ramp environments (Rl , R2 and R3). Bedding is regular and well bedded. In the 
lowermost parts of the Resteigne, Olloy-sur-Viroin and Froid Lieu quarries where the 
youngest Eifelian-Givetian ramp facies are exposed (just before the transition into lagoonal 
shelf facies) open-marine, outer to mid ramp facies are also seen (microfacies Rl and R2). 
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Other successions in the Hanonet and lower Trois Fontaines Formations show evidence of 
intertidal to supratidal sedimentation (Preat and Kasimi, 1995). Presumably these localities 
were situated nearer to the palaeoshoreline in shallower waters. Sedimentation, however, 


















Figure 5-4 Generalised log of the upper Givetian Glageon succession. 
The local evolution of these upper Eifelian to lower Givetian facies at Glageon shows a 
cyclic deep-shallow-deep trend from base to top (Fig. 5-4). The majority of the succession 
is dominated by interbedded outer ramp and mid ramp facies which are richly fossiliferous 
(microfacies R l and R2). Between 33.5m and 37m, however, a change in water energy is 
recorded by the development of local oolitic banks. Although cross bedding is not seen, 
individual beds reach up to 1.5m and are dominated by ooids with subordinate peloids. 
Sedimentation is entirely subtidal in nature. The base of the Trois Fontaines Formation 
(just above the Eifelian-Givetian boundary) in many successions throughout the Ardennes 
is characterised by the development of a thick (up to 5m) stromatoporoid biostrome. This 
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can be seen at Glageon, Resteigne and OUoy-sur-Viroin and represents the transition into a 
shallow shelf depositional environment with lagoonal conditions. This is further discussed 
in Section 5.1.2. Boulvain et al. (1994) studied a similar succession in Glageon quarry and 
recognised a broad shallowing-upward through the Hanonet into the lower Trois Fontaines 
Formation. However, their proposed facies model does not include the R4a oolitic bank 
microfacies, which may indicate its impersistent nature. Work on ostracode assemblages 
by easier et al. (1995) also identified similar shallowing-upward trends. 
Aachen 
The uppermost Eifelian and lowermost Givetian strata in the Aachen area are dominated 
by elastics which show a broadly regressive character (Richter, 1970; Hollerbach and 
Kasig, 1980). Carbonate sedimentation was not initiated until the middle Givetian (Kasig 
and Wilder, 1983); therefore, the Givetian-Eifelian boundary was not studied for this 
thesis. 
Eifel 
The Eifelian stage in the Eifel area is characterised by the widespread development of 
biostromes interbedded with bioclastic limestones. These carbonates are richly 
fossiliferous, especially in corals (Liitte and Oekentorp, 1988; Birenheide and Gabrielli, 
1993), stromatoporoids and brachiopods (Ochs and Wolfart, 1961). The facies are open-
marine in nature and were deposited on a bank or in a ramp setting, which had a variable 
clastic input (Krebs, 1974). These facies have not been studied for this thesis. 
5.1.2 Lower Givetian 
For the purpose of this study the lower Givetian is considered to encompass the upper Pol. 
ensensis and lower Pol. varcus conodont zones. This therefore includes the Trois 
Fontaines, Terres d'Haurs and Mount d'Haurs Formations in the southern border of the 
Dinant Basin, the Nevrement Formation in the northern part of the Dinant Basin and the 
Lower Stringocephalus beds of the Aachen and Eifel areas (Fig. 5-3). 
Ardennes 
The lower Givetian in the Ardennes sees the transition of the carbonate platform from a 
ramp to shelf geometry. During a period of relative low subsidence at the end of the 
Eifelian, sediments were able to accrete up to or near sea level so that bioconstructing 
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organisms stabilised the platform, forming an organic rim. This semi-continuous rimmed-
shelf trended in a broad east-west direction through northern France, where small outcrops 
of the barrier are exposed (see Figure 6, page 76, Preat and Mamet, 1989). 
Landward of the barrier-reef, in the Ardennes area, the base of the Givetian is 
characterised by the development of a laterally persistent stromatoporoid biostrome. This 
biostrome reaches up to 5m in thickness and is composed primarily of stromatoporoids 
(laminar, bulbous, domal and dendroid types, including Stachyodes), and corals including 
Thamnopora, Scoliopora, Sociophyllum and Trachypora (Preat et al, 1984). Crinoids and 
other bioclasts only play an important role towards the top of the complex where thick 
accumulations of Stringocephalus brachiopods occur, giving the rock a rudstone texture 
(see Figure 4-14d). This unit is of particular environmental significance since the presence 
of keystone vugs and gravitational cements suggests deposition in the high subtidal to 
intertidal environment (see thorough discussion in Section 4.2.3.2 and Figure 4-14e). 
These very distinctive bioclastic accumulations are not laterally persistent over a wide area. 
The Trois Fontaines Formation, the oldest formation in the lower Givetian, is most 
completely exposed in the Resteigne quarry, the most easterly studied exposure in the 
Ardennes area. Above the widespread biostrome at the base of the Trois Fontaines 
Formation, facies are of a lagoonal nature showing variable faunal diversities, sedimentary 
textures and water energies (see detailed log in Appendix 2). The formation can be broadly 
split into two units which show distinct characteristics (Fig. 5-5). 
The lower unit (6m to 42m) is dominated by subtidal deposition. Microfacies S6 dominates 
this section where calcispheres, ostracodes (including Leperditia) and dasycladacean algae 
are particularly abundant. These facies are locally intensely bioturbated, as seen by the 
horizons of vertical spar-filled fenestrae (see Figure 4-1 le) and the lack of well-preserved 
sedimentary structures. Accumulations of euryhaline faunas such as gastropods and 
bivalves (microfacies S5) are commonly interbedded in this basal succession. Periods of 
increased water circulation are represented by the development of small stromatoporoid 
biostromes (i.e., @9m) and by the influx of reef-derived bioclasts (microfacies S3). The 
bioclastic components are mostly composed of Stringocephalus brachiopods and corals, 
which are commonly encrusted by cyanobacteria. These units were probably deposited 
through storm activity. 
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The lower unit of the Trois Fontaines Formation records deposition which is subtidal in 
nature. The lagoonal environment had poor circulation and variable salinity, with only 
periodic influence by storms and near normal-marine waters. Those organisms adapted to 
these restricted conditions (i.e., dasycladacean algae, ostracodes, parathuramminid forams) 
flourish in this environment, as shown by their relatively low diversity but often extremely 
high abundance. Amphipora, unusually, is not abundant in the succession at Resteigne. 
The upper unit of the Trois Fontaines Formation (42m to 73.5m) is characterised by the 
development of microbial laminite and mud polygon horizons, indicating periods of 
exposure in the high intertidal to supratidal environment. The laminites range from 10cm 
to up to 4m in thickness and locally show intraclast horizons where mudchips have been 
reworked from mud polygons through periodic storms (see example in Figure 4-17a). The 
laminites are commonly very planar, with little or no convolute structure to them. 
Bioturbation is apparent in locaUsed areas, but is on the whole uncommon. In thin section 
peloidal grainstone lamina were mechanically deposited through storms whereas mud 
lamina reflected the cryptmicrobial component. 
Interbedded with these microbial laminites are mosdy poorly fossiliferous mudstones and 
wackestones (microfacies S6) representing deepening of the environment into the shallow 
subtidal lagoonal zone. Again storm action is reflected by accumulations of 
Stringocephalus and gastropods. Horizons of irregular and laminoid fenestrae are also 
present in this upper unit. 
Above the uppermost laminite horizon (@73.5m), the succession shows a very dramatic 
deepening and back-stepping into open-marine, highly fossiliferous rocks of the Terres 
d'Haurs Formation. A 3m thick biostrome can be seen near the base of the Terres d'Haurs 
Formation which is dominated by favositids (Pachyfavosites), Trachypora and 
Thamnopora (fossil identifications of Preat et al, 1984). 
Several other outcrops in the Trois Fontaines Formation of the Ardennes tie-in very well 
with the succession seen at Resteigne, although the exposure is never as complete (Fig. 5-
5). The uppermost Hanonet and lower unit of the Trois Fontaines Formations can be seen 
at Olloy-sur-Viroin and at Froid Lieu quarries, where incomplete successions show a 
richly-fossiliferous base (high diversity accumulations of the Hanonet Formation) which 
are then capped by a biostrome. Faunas in the biostrome at Froid-Lieu are less diverse than 
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those seen at Resteigne and Olloy-sur-Viroin suggesting water circulation may have been 
restricted more quickly at this locality. 
The succession at Froid Lieu is dominated mainly by low-energy, pooriy-fossiliferous 
subtidal mudstones and wackestones (S6 microfacies). Periodic emergence into the 
intertidal zone is represented by the development of fenestral horizons, yet emergence into 
the high-intertidal or supratidal zone is never recorded. The succession at Olloy-sur-Viroin 
also shows subtidal and low intertidal-dominated sedimentation, although work by Preat et 
al. (1987) discovered laminites higher in the succession which were obscured by tipping 
during my field season in 1994-5. These laminite horizons occur approximately 10m above 
the succession logged for this study, and therefore the boundary with the upper unit of the 
Trois Fontaines Formation can be situated therein. Of interest in the Olloy-sur-Viroin 
section are the nests of Leperditia ostracodes which can be seen at the higher levels in the 
quarry (~41m, see Section A2.19 for log and Al.2.19 for thin-section descriptions). The 
ostracodes are densely packed, commonly articulated (very little attrition) and appear to be 
close to life position. These ostracodes are indicative of high-stress environments where 
circulation in the lagoon was very poor and salinities fluctuated. 
The lower and upper units of the Trois Fontaines Formation can also be seen in the 
Vaucelles quarry. A monotonous succession of well-bedded mudstones and wackestones 
up to 9m thick represents the lower unit of the Trois Fontaines Formation (see Figure 4-
11c). Above 9m, four separate laminite horizons can be identified, variably interbedded 
with well-bedded mudstones, or Stringocephalus accumulations (S3 microfacies). As with 
the Olloy-sur-Viroin section, Leperditia ostracodes are particularly abundant at Vaucelles, 
especially in the upper parts of the succession. 
The most westerly successions at Bellignies-Bettrechies and Glageon in the French 
Ardennes, are also lower Givetian in age, yet their development differs greatly from that 
seen in Belgium. A thick succession at Glageon can be seen through the Hanonet 
Formation (see discussion in previous Section) and the boundary between the Eifelian and 
Givetian is also determined by the development of a biostrome, as with the Belgian 
successions. However, it is there that the similarities end. The succession at Glageon, after 
the biostrome, returns to sedimentation which is essentially open-marine in nature. Diverse 
fauna! assemblages including crinoids, bivalves, brachiopods, gastropods, corals (colonial 
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and solitary) and stromatoporoids are identified, and graded storm deposits are common 
(see Section A2.10). Therefore, it is suggested the carbonate platform in the west still had 
a ramp geometry where is was maybe too deep for the development of an organic barrier 
(Fig. 5-6). A boundary between the upper and lower units of the Trois Fontaines 
Formation may be drawn at 103.5m where the development of microbial laminites and the 
presence of pseudomorphs of anhydrite suggest very shallow sedimentation (high intertidal 
to supratidal zone). However, this correlation is very tentative (Fig. 5-5). The base of the 
Terres d'Haurs Formation can be drawn at the top of the logged succession (information 
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Figure 5-6 Schematic cross section through the lower Givetian of the French and Belgian Ardennes 
showing the logged successions and lateral variation in platform geometry. 
The most westerly succession at Bellignies-Bettrechies is of lower Givetian age, in the 
Nevrement Formation of the northern Dinant Basin (Preat and Mamet, 1989). The 
Nevrement Formation broadly correlates with the Trois Fontaines, Terres d'Haurs and 
Mont d'Haurs Formations. The succession at Bellignies-Bettrechies is probably one of the 
most exciting since there are a wide variety of facies-types represented; they are well 
exposed and relatively easy to identify. Sedimentation throughout the succession was 
characterised by fluctuations between open-marine and restricted conditions (see Section 
A2.3 for detailed log). 
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Open-marine sediments are richly fossiliferous with crinoids, corals, tentaculitids, 
gastropods, bivalves and stromatoporoids (laminar, domal, bulbous, dendroid). 
Bioturbation is variable and can sometimes be picked out by vertical fenestrae. Small 
biostromes regularly developed, sometimes disturbed by storm activity, but often with 
organisms preserved in life-position (microfacies R3). Oolitic banks developed at one 
horizon (@ 36m), reaching Im in thickness (microfacies R4a). 
Restricted sedimentation is reflected by the dense accumulations of Leperditia ostracodes 
(microfacies R6). These ostracodes either accumulated as bed-parallel lenses (storm-
derived) or more often occur articulated in dense monospecific nests (see Figure 4-4a, 4-
4b). This microfacies is only seen at the Bellignies-Bettrechies quarry and represents 
shallow, highly restricted conditions. Indeed, Casier et al. (1995) envisaged a bay 
completely cut-off from the open marine realm (see Figure 3-12). Microbial laminites are 
also extremely abundant in this succession (microfacies R7). Although the facies is now 
intensely dolomitised, the dolomitisation was fabric-retentive so that laminae are still 
identifiable at hand-specimen scale. Pseudomorphs of evaporites are also present. This 
represents sedimentation in the intertidal or supratidal zone (see discussion in Section 
4.1.7). 
The succession at Bellignies-Bettrechies, as with Glageon, is thought to have been 
deposited on a carbonate ramp. This ramp was influenced by storms and experienced 
periodic restriction, possibly behind oolite banks. Correlation of the Bellignies-Bettrechies 
succession with other successions proved rather difficult since there are no distinctive 
marker bands. The succession may lie within the Trois Fontaines section since a distinction 
between subddal-dominated facies (0-2 Im) and supratidal-influenced facies (21-63m) can 
be made, reflecting the 'lower' and 'upper' units seen at Resteigne quarry (Fig. 5-5). 
Correlation of the logged lower Givetian successions picks out thickness variations across 
the carbonate platform (Fig. 5-5). Glageon and Resteigne, the two most complete sections, 
show very similar thicknesses for the lower Givetian. However, the succession at 
Vaucelles is particularly thin, since information from Preat and Boulvain (1982) can 
correlate the base of the Trois Fontaines Formation just 2m below the start of the logged 
succession. Thickness variations across a platform could result from different 
sedimentation rates, differential effects of erosion (i.e., unconformities cutting out a 
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substantial amount of the stratigraphy), differential compaction or by differential 
subsidence. Since the succession at Vaucelles was essentially deposited in the same 
environment as Resteigne, they are likely to have had similar sedimentation rates. Equally, 
as the facies are so similar, compaction would probably have had the same effect on both 
successions. There is no evidence of an unconformity in the Vaucelles quarry. Therefore, 
the most likely explanation would be differential subsidence of fault blocks. It has already 
been discussed that through the Eifelian movement on fault blocks gave rise to dramatic 
thickness variations across the carbonate platform, and it would appear that these fault 
blocks were equally as active throughout the lower Givetian. 
The Mont d'Haurs Formation has not been examined for this study, due to poor exposure. 
Aachen 
The lower Givetian Lower Stringocephalus Beds of the Aachen area consist of red and 
green-grey elastics, which show an increasing carbonate component up through the 
succession (Kasig and Wilder, 1983). It is not until the upper Givetian that reef and back-
reef sediments were deposited; therefore, the lower Givetian has not been studied in this 
area. 
Eifel 
Interbedded restricted subtidal and intertidal facies characterise the middle Givetian 
Spickberg Beds of the Sotenich syncline. Due to intense dolomitisation and poor outcrops 
it is difficult to ascertain the position of the barrier-reef in the Eifel area (Krebs, 1974). 
The short succession at Keldenich quarry in the Sotenich syncline exhibits variable facies-
types, which are semi-restricted subtidal, restricted subtidal, intertidal or supratidal in 
nature. Unique to this succession is the unusual dominance by corals rather than 
stromatoporoids. Thamnoporoids are particulariy common, often forming as bafflestone 
horizons (microfacies S4c). Stromatoporoids are present at two horizons (@7m and 16m; 
see Section A2.14) where small, laterally impersistent (over 10m) bioherms developed. 
These bioherms are associated with Stringocephalus brachiopods and tabulate corals. 
Interbedded with coral bafflestones are wackestones and packstones dominated by 
Leperditia ostracodes (microfacies S6f). These ostracodes are very conspicuous in the 
field due to their large size (6mm long). They are mostly disarticulated, suggesting 
Chapter 5 • 153 
Carbonate complexes 
reworking and are very densely packed. Microfossils including calcispheres, 
parathuramminid forams, small ostracodes and also algae (dasycladaceans mosUy) are 
associated with this microfacies. Bioturbation is prevalent, being picked out either by 
calcite-filled tubular fenestrae or by the horizons having a distinctive mottled texture where 
sedimentary structures are not preserved. Accumulations of bivalve and gastropod 
bioclasts (S5 microfacies) are also seen. 
Intertidal sedimentation is recorded by the development of several fenestral horizons. 
These horizons occur throughout the short succession, where the fenestrae are laminoid or 
irregular in shape and have an internal sediment fill at their base. Some fenestrae are totally 
filled by this mechanically-deposited sediment. Two horizons can be identified where 
sediments were deposited in the supratidal zone. These horizons are represented by 
unfossiliferous dolomicrites which have lozenge-shaped pseudomorphs of evaporite 
minerals (see Figure 4-17e). These horizons are only seen at 13m and 14.5m. 
It is difficult to determine the local evolution of the lagoon at Keldenich since outcrop is 
rather scrappy and a continuous, long succession is difficult to construct. The local 
depositional environment throughout the succession periodically fluctuates from semi-
restricted subtidal through to intertidal. Therefore, Keldenich is interpreted as being 
located dominantiy tidal flat environment during the Middle Devonian. At one stage in its 
history (between 13m and 15m) supratidal sedimentation is recorded, suggesting the long-
term relative sea-level history was at its lowest at this point. Recorded upon this long-term 
sea-level history were smaller sea-level fluctuations (on the scale of only l-3m) which 
produce the distinctive cyclic sedimentation pattern. This cyclic component will be 
discussed in Section 5.1.6 and Chapter six. 
5.1.3 Upper Givetian 
The upper Givetian is considered in this study to include the Fromelennes Formation of the 
southern Dinant Basin and the Upper Stringocephalus Beds of the Aachen area (Fig. 5-3). 
The upper Givetian of the Eifel area was not studied for this thesis. 
Ardennes 
Five successions in the Fromelennes Formation of the Belgian and French Ardennes have 
been studied with regards to facies, local evolution of the succession and cyclicity (see 
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Figure 5-3). Stratigraphic positioning of these successions within the upper Givetian has 
proved difficult, since only one succession (Sourd dAve) includes the Givetian/Frasnian 
boundary. The Fromelennes Formation can be divided into three members: Flohimont 
Member, Moulin Boreux Member and Fort Hulobiet Member (Bultynck et al., 1991). The 
base of the succession at Beauraing is within the Flohimont Member; Cul d'Houille, 
Dourbes, and Nismes successions are within the Moulin Boreux Member; and the lower 
part of the Sourd d'Ave section is positioned in the Fort Hulobiet Member (Bultynck et al., 
1987). The Flohimont Member represents a transgression into open marine facies and 
therefore has not been extensively studied. 
The longest succession studied in the Moulin Boreux Member is at Cul d'Houille north of 
Fromelennes. This section is an overgrown railway cutting, exposing 62m of stratigraphy. 
Three distinct packages of sedimentation can be determined in the Cul d'Houille succession 
(Fig. 5-7). 
The lower unit is characterised by interbedded facies where the semi-restricted subtidal, 
restricted subtidal, intertidal and supratidal microfacies groups are all represented (Om to 
22.5m, see Section A2.7 for detailed log). These facies have a very pervasive cyclic 
component, which will be discussed in Section 5.1.6 and Chapter 6. Semi-restricted 
subtidal sedimentation is represented by stromatoporoid-coral floatstones and bafflestones. 
Compared to the lower Givetian successions, stromatoporoid floatstone horizons are 
smaller (commonly between 50cm and 80cm in thickness), more common and have an 
increased coralline component. Bulbous stromatoporoids are again the most dominant 
form, ranging from 4cm to 15cm in diameter. Dendroid stromatoporoids including 
Amphipora and Stachyodes are important constituents. Of the corals, Thamnopora is a 
particularly common tabulate coral and solitary corals are locally abundant. These 
bioconstructors are locally seen in life position, having a bafflestone or framestone texture. 
More commonly, they are in a disturbed position, suggesting storms dislodged them. The 
matrix to this S2 microfacies is composed of peloidal micrite, and locally this has been 
altered to dolomite. 
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Restricted subtidal sedimentation is represented by Amphipora floatstones (S4), fossil-
poor mudstones and wackestones (S6) and peloidal grainstones (S7). Amphipora 
floatstones and bafflestones are abundant between 15-18m, yet are not present elsewhere 
in the lower unit. Poorly fossiliferous mudstones and wackestones occur throughout the 
lower unit. Horizons rich in ostracodes are commonly seen (microfacies S6e) representing 
the impingement of storms into the low-energy restricted lagoon. Oncoids (S6d) are 
locally abundant in specific horizons. Bioturbation is prevalent, destroying most primary 
sedimentary structures. The facies is locally very peloidal, and rare ooids are also present. 
Higher energy intercalations in the subtidal lagoon of Cul d'Houille are recorded by the 
development of peloidal grainstones. Intraclasts up to 3mm long are also common, as are 
oncoids reaching 8mm in length. Often these intraclast/oncoid horizons are parallel to 
bedding. Calcite spar dominates the matrix yet early diagenetic cements are not 
precipitated. Dolomite is a common constituent. 
Intertidal sedimentation is represented by thin fenestral horizons. These are not common. 
Intertidal to supratidal laminites are, however, extremely well developed. Five horizons 
can be identified in the lower unit. The laminites are of microfacies S12a-type, where 
lamination is mostiy planar and the cryptmicrobial component does not have a substantial 
topography to it. The laminites are particularly thin, commonly being only 6 or 8cm in 
thickness near the base of the succession. They do reach up to 70cm thick towards the end 
of the lower unit, however. Bioturbation in this high intertidal to supratidal environment 
was uncommon. Laminites locally directiy overiie biostromes (@ 5.5m and 6.6m; see log 
in Section A2.7), suggesting sedimentation could not keep pace with the relative drop in 
sea level since restricted subtidal and intertidal deposits were not recorded. 
The middle unit represents a distinct shallowing where there is no evidence of semi-
restricted subtidal facies (22.5m to 42m). The least restricted facies are Amphipora 
floatstones and bafflestones (S4) where several horizons can be seen. The volumetrically 
most important facies is S6, where successions up to 2m thick have been deposited. These 
rather monotonous facies are characteristically well bedded with a very subordinate 
macrofossil component. Oncoids are locally abundant, where cyanobacteria have coated 
lumps of micrite and rare bivalves can also be identified. Thin-section analysis identifies 
calcispheres, peloids and forams as the major grains, attesting to the highly restricted, 
relatively shallow subtidal nature of this facies. Laminite horizons are again very well 
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developed in the middle unit. Mudstone and peloidal grainstone laminae are the major 
components and as with the laminites in the lower unit, laminae are laterally persistent and 
generally planar and flat. Bioturbation is rare. 
The most distinctive facies in the middle unit is the development of two calcrete horizons 
at 37.5m and 40.0m (microfacies S14). These horizons have an anastomosing crack 
network, which emanates from the upper surface and is filled by a milky-white, calcite-rich 
residue (see Figures 4-18 and 4-19). This facies has already been extensively discussed in 
Section 4.2.4.4. The development of calcrete horizons represents prolonged exposure in 
the supratidal zone, where relative sea level was at its lowest. As with the lower unit, a 
metre-scale cyclicity is an obvious feature in the middle unit, and is fully considered in 
Section 5.1.6. 
The upper unit continues from 42m to the end of the section at Cul d'Houille and is very 
similar to the lower unit where interbedded stromatoporoid floatstones and laminites 
occupy a large percentage of the succession. The base of the upper unit has a very 
interesting oncolite horizon, where oncoids reach up to 3cm in diameter (microfacies S6d; 
see Figure 4-12a). The core of the oncoid is always composed of lumps of micrite, and a 
light-grey marginal coating of the filamentous cyanobacteria, Girvanella, can be seen. 
These laminae are very smooth and continuous around the nucleus. Oncolites are 
frequently seen throughout the upper unit. Stromatoporoid floatstones contrast to those in 
the lower unit since they have fewer coralline components. Bulbous and dendroid 
stromatoporoids are the major constituents where bulbous stromatoporoids reach up to 
13cm in diameter. Corals are locally encrusted by stromatoporoids. 
Deposition in the higher-energy, restricted, subtidal environments is characterised either by 
oolitic or peloidal grainstone horizons. Oolitic grainstones are only seen at 44.2m, yet 
peloidal grainstones with a substantial intraclast and cyanobacterial component occur 
throughout the upper unit. High intertidal to supratidal environments are again dominated 
by microbial laminite development (microfacies S12a). 
The presence of semi-restricted subtidal stromatoporoid floatstones and lack of calcrete 
horizons suggest that long-term relative sea level was higher during the upper unit. 
Smaller-scale relative sea-level fluctuations overprint this sea-level history. 
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Other successions in the Moulin Boreux Member also show this tripartite style of 
sedimentation. The succession at Dourbes, although not as complete as the Cul d'Houille 
section, also shows the initial interbedded biostrome/laminite sedimentation style (Om to 
Um), followed by shallower, more restricted sedimentation of the middle unit (11m to 
30m) which is capped by a return to interbedded S2, S6 and S12 microfacies (30m to 42m; 
see Appendix A2.8 for detailed log and Figure 5-7). Calcrete horizons are not developed 
at Dourbes quarry, and the most restricted facies is represented by microbial laminites. The 
microbial laminites occur throughout the succession at Dourbes where they are of both 
type SI2a and SI2b. Type SI2a has mostly flat lamination, fluctuating between high-
energy storm deposited peloidal grainstones and lower-energy microbial mudstone. Type 
S12b, however, has a more stromatolitic nature where lamination is wavy and fenestrae are 
locally abundant. Facies types, apart from the calcrete, are essentially the same as those 
seen in Cul d'Houille. Oncoids, again, are well developed at specific horizons, locally 
reaching up to 7cm in length. Peloidal and oolitic grainstones can be seen at several 
intervals, yet are concentrated mainly in the upper unit. Horizons rich in bulbous 
stromatoporoids (S2 facies) occur in the lower and upper units. Corals are not an 
important constituent. 
The short succession at Nismes quarry, the most westerly logged succession in the upper 
Givetian also exposes Moulin Boreux Member strata (Fig. 5-7; Section A2.17). Facies are 
remarkably similar once again to those seen at Cul d'Houille and Dourbes with 
stromatoporoid biostromes, Amphipora horizons, poorly-fossiliferous mudstones, peloidal 
grainstones and laminites all being well-represented. As with Dourbes, corals do not play a 
significant role in biostrome development, with bulbous and dendroid stromatoporoids 
being volumetrically the most important. Storm events within the muddy, calm-water 
lagoon are recorded by horizons of peloidal grainstone or ostracodes within a 
predominantly mudstone facies (microfacies S6e). Laminites tend to have continuous 
planar laminae, being of type SI2a. The microbial component is often well preserved in 
this facies. Calcretes are not seen at this succession. The succession can be divided into the 
familiar three units and correlates well to Dourbes and Cul d'Houille sections (Fig. 5-7). 
The succession at Beauraing displays facies characteristic of semi-restricted subtidal, 
restricted subtidal, intertidal and supratidal environments which are so characteristic of the 
upper Givetian lagoon in the Ardennes (Section A2.2 for detailed logs). The log at 
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Beauraing does not show the familiar tripartite sedimentation pattern, suggesting it is 
slightly older, placing it in the lower unit of the Moulin Boreux Member. The very base of 
the succession is within the Flohimont Member of the Fromelennes Formation (Preat and 
Mamet, 1989). Microfacies S6 is particularly common at Beauraing where it has a mainly 
mudstone texture which has been thoroughly bioturbated. Laminite horizons are abundant 
in the succession, especially near the base and top. These laminites are of type SIO and 
SI2b where there is a very influential microbial component to the facies and fenestral 
cavities are abundant. Of particular interest in the Beauraing quarry is the presence of a 
volcanic ash horizon at 22.1m. This horizon has a distinctive orange coloration, and in thin 
section silt- and quartz-grade particles and clays are abundant. No attempt has been made 
to extract suitable minerals for dating purposes, as this is outside the scope of this study. 
Sourd d'Ave, the most easterly succession studied in the Ardennes, exposes the Fort 
Hulobiet Member of the Fromelennes Formation and also the boundary between the 
Givetian and Frasnian (Fig. 5-7). The Fort Hulobiet Member also displays restricted facies. 
Poorly fossiliferous horizons are very common, and these are interbedded with higher 
energy peloidal and sometimes oolitic grainstone facies (S7). Laminite horizons are 
uncommon, yet dolomicrites with pseudomorphs of evaporite minerals are apparent, 
suggesting the palaeoclimate may be becoming more arid. This boundary between the 
Givetian and Frasnian is very distinctive in the field, characterised by a transition from 
restricted lagoonal facies to open marine interbedded marly shales and nodular limestones. 
This boundary is further discussed in Section 5.1.4. 
Correlation of the upper Givetian succession in the Ardennes identifies abrupt thickness 
variations across the carbonate platform (Fig. 5-7). For example the middle unit at Nismes 
appears considerably condensed compared to the other sections. The same arguments 
which were used to explain thickness variations in the lower Givetian (i.e., different 
sedimentation rates, erosion etc.) can be used here, with the most likely explanation being 
differential subsidence on the active fault blocks. Therefore, the area around Nismes would 
have been a structural high. 
Since there are no definitive marker bands within the upper Givetian in the Ardennes it is 
difficult to correlate between successions with accuracy. The three units which have been 
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identified in the logged successions are therefore particularly useful packages not only for 
correlation purposes, but also to identify condensed and thickened successions. 
Aachen 
Since the 1960's much work has been done in the Aachen area since it exposes many 
outcrops in the Givetian and Frasnian 'Upper Stringocephalus Beds' (Fig. 5-3). Kasig 
(1966) did most of the pioneering work in identifying facies-types and recognising the 
cyclic nature of the rocks. He did not, however, consider what may be causing the cyclicity 
until 1980, suggesting it could be either eustatic or tectonic related. The mechanisms 
causing the cyclicity will be further discussed in Chapter six. For this study four upper 
Givetian outcrops have been examined, covering most of that time period (Fig. 5-8). 
Outcrops are mostly in abandoned quarries, which are now invariably overgrown; 
therefore, complete sections were often difficult to accomplish. 
Initially, sediments of upper Givetian age were deposited on a carbonate ramp, where open 
marine bioclastic wackestones and packstones dominated. These ramp facies are well 
exposed at TeerstraBenbau quarry (see Section A2.24 for detailed log). The base of the 
succession is dominated by interbedded mudstones, wackestones and packstones of 
microfacies R l and R2 affinities (0m-26m). Crinoids are particularly abundant in these 
facies, along with brachiopods, sohtary corals, bivalves and gastropods. The units are 
variably bioturbated and deposition was in the outer to mid ramp environment. 
Dolomitisation is more important in the higher parts of the succession (13m-39m). The 
dolomite is fabric-destructive and of a burial origin, thus hindering facies analysis. Rare 
undolomitised horizons do expose units rich in Stringocephalus brachiopods, dendroid 
stromatoporoids (only rare Amphipora), gastropods and bivalves which often occur as 
very thick (up to 80cm) accumulations. Locally these accumulations show graded bedding, 
suggesting storm or current reworking. These dolomitised units record the transition from 
a ramp to shelf setting. 
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From 40m to the top of the log (83m) the succession is characterised by lagoonal 
deposition. Although the succession is incomplete, the local evolution of the lagoon at 
TeerstraBenbau quarry shows a broad shallowing from Stringocephalus-nch storm-
deposited accumulations (microfacies 83) interbedded with bioclastic horizons (S5 facies) 
through to interbedded fenestral limestones and laminite horizons (microfacies SB and 
S12). Small biostromes (S2 facies) and poorly fossiUferous horizons (S6) can be seen 
throughout this upper part of the succession. This evolution from highly-fossiliferous to 
poorly-fossiliferous facies, the associated decrease in salinity and circulation and decrease 
in water depth not only records a shallowing in the long-term relative sea-level history, but 
also a seaward retreat of the barrier-reef so that facies become more and more restricted. 
The nature of this barrier-reef is difficult to assess, as it has either been faulted out and 
eroded, or covered by Mesozoic rocks. In the Aachen and Eifel areas the lagoonal deposits 
are the only portions of the reef complex which are still preserved (Burchette, 1981). The 
presence landwards of restricted lagoonal facies would suggest that the reefs can be 
regarded as true barrier-reefs, where comparisons could be made with the westerly 
extension of the shelf present in northern France (see Lecompte, 1970 for details). 
Three other successions at Venwegen, Alt Breinig and Walheim Southern Limb expose 
late upper Givetian facies which are lagoonal in nature. Dolomitisation again plays an 
important role, locally being fabric destructive thus preventing facies analysis. This process 
has effected the complete succession at Venwegen and the basal 8m of the section at 
Walheim Southern Limb. The succession at Walheim Southern Limb, however, does 
expose the Givetian-Frasnian boundary, thus making a useful correlation section. As with 
the Ardennes sections, the base of the Frasnian is characterised by a sudden transgression 
and landward retreat of the barrier-reef. Therefore, open-marine facies are seen to directly 
overlie restricted lagoonal facies. It is only during this deepening phase that the barrier-reef 
is exposed. These will be further discussed in Section 5.1.4. 
The late upper Givetian strata in the Ardennes region show variable facies, from semi-
restricted subtidal through to supratidal. The facies are extremely similar to those seen in 
the Ardennes, with stromatoporoid biostromes recording the deepest, most circulated 
waters and laminites representing deposition in the intertidal to supratidal zone. 
Throughout the late upper Givetian the subtidal lagoon at Aachen was dominated by low-
energy waters. The matrix to most subtidal facies is micritic, where peloids are abundant 
Chapter S • ]63 
Carbonate complexes 
and bioturbation destroys sedimentary structures. Amphipora was a locally important 
constituent where the branches formed thickets which covered a vast area over the lagoon. 
These branches had baffling properties and are often seen in near-life position. Bioclasts 
were not abundant; however, forams, ostracodes and calcispheres did contribute 
substantially to the microfossil community. Cyanobacteria were important, especially in the 
creation of oncoids (microfacies S6d) and in the baffling of sediment in the intertidal to 
supratidal zone where stromatolites were present. One horizon at Alt Breinig displays the 
binding role of cyanobacteria particularly well, where low amplitude LLH-C stromatolites 
developed (@34m, see Section A2.1 for log and Figure 4-17d for field photograph). 
Impersistent high-energy intervals in the subtidal lagoon are recorded by peloidal 
grainstones or by thin ostracode accumulations. Intraclasts, dncoids and algae (especially 
dasyclads, and more unusually, codiaceans (JPalaeoporella)) also contribute to these 
horizons. Fenestral horizons are locally seen in the Aachen area, especially at Walheim 
Southern Limb. Here the fenestrae are laminoid, irregular and tubular, yet differ from those 
seen in the Ardennes as they are associated with a peloidal grainstone facies (microfacies 
S8c, see Figures 4-14b and 4-14c). This would suggest that the intertidal zone was an 
unusually high-energy environment in the Aachen area. 
Although the sedimentation style in the Ardennes tract could be divided into three phases, 
it is apparent that this is not possible in the Aachen area (Fig. 5-8). A distinction can be 
made between ramp and shelf facies, and the early upper Givetian is characterised by a 
broad regression. The middle and late upper Givetian, however, show no distinctive 
changes in sedimentation style, suggesting the long-term relative sea-level history remained 
at a rather constant low. Although this constant relative sea-level low resulted in 
sedimentation which shows little long-term evolution, small-scale sea-level fluctuations 
were overprinting this sea-level history, producing a very pervasive metre-scale cyclicity. 
This feature will be further discussed in Section 5.1.6 and Chapter 6. The Givetian-
Frasnian boundary saw a dramatic rise in relative sea-level which will be discussed in the 
following Section. 
Eifel 
The upper Givetian of the Eifel area, as with the rest of the shelf, is characterised by 
interbedded biostromes and restricted lagoonal facies (Burchette, 1981). These facies. 
Chapter 5 •164 
Carbonate complexes 
however, are poorly exposed and intensely dolomitised and therefore have not been 
studied for this thesis. 
5.1.4 Givetian-Frasnian boundary 
The Givetian-Frasnian boundary is important in the study area, since is records a very 
sudden transgression and landward retreat of the shelf-margin barrier-reef. 
Biostratigraphically the base of the lower Pol. asymmetricus conodont zone marks the 
boundary between the Givetian and Frasnian stages (Oliver and Chlupac, 1991). In the 
southern Dinant Basin this is represented by the Frasnes Formation and in the Aachen area 
by the Grenzschiefer. 
The Givetian-Frasnian boundary has been studied in two successions, at Sourd d'Ave and 
Walheim Southern Limb. The succession at Sourd d'Ave has been extensively studied in 
the past few decades, and was proposed by Bultynck et al. (1987) for the boundary 
stratotype. Here the Givetian-Frasnian boundary is recorded by the very sudden transition 
into interbedded marly shales and nodular limestones (Fig. 5-9). Examination of the 
ostracode assemblages suggests deepening is progressive from a marginal basin 
environment at the beginning of the Frasnian to a deep basinal environment (Bultynck et 
al., 1987). These facies show a rich faunal assemblage including bryozoans, brachiopods, 
bivalves, gastropods, tentaculitids, nautiloids and fish fragments (Bultynck et al., 1987). 
This deep-water intercalation continued until the early middle Frasnian (middle and upper 
Frasnes Formation) when barrier-reef and lagoonal deposition was re-established 
(Burchette, 1981). 
A similar transition into deep-water open-marine facies can be seen at Walheim Southern 
Limb in the Aachen area of Germany. Here the open-marine package is 5m thick and a 
distinct transgression is recorded therein. This is characterised by the development of a 
biostrome (locally up to 4m in height; possibly the barrier-reef?; see Figure 4-10c) 
followed by interbedded marls and nodular limestones (Grenzschiefer; Fig. 4-3a). 
Meischner (1964) suggested the interbedded marls and limestones represented turbidites. 
However, the present study did not recognise erosional bases, sole marks or other 
sedimentary structures suggestive of such deposits. The facies do unequivocally record a 
brief shift into an open-marine environment, which after 4-5m of sediment return to 
restricted lagoonal facies. 
Chapters • J6S 
Carbonate complexes 
FRASNIAN 
Figure 5-9Givetian-Frasnian boundaty at Sourd d'Ave, southern Ardennes. The Upper Devonian 
facies are well-bedded, restricted limestones which very quickly pass into nodular limestones and 
marly shales of the Frasnian. Note bedding is overturned. Outcrop approximately 8m high. 
5.1.5 Lower Frasnian 
For the purpose of this study the lower Frasnian is considered to encompass the Reef 
Limestones of the Aachen area. The lower Frasnian has not been studied in the Ardennes 
or Eifel areas, due to poor outcrop and intense dolomitisation. Two reefal-horizons, with 
their corresponding lagoonal facies, have been recognised in the early to middle Frasnian 
of the Ardennes areas (Burchette, 1981; Tsien, 1988). However, dolomitisation has 
overprinted these units making facies analysis practically impossible (Lecompte, 1970). 
Tsien (1988) suggested synsedimentary faulting along the shelf margin was still important 
during the lower Frasnian since the basin was more mobile than the relatively stable shelf 
Similar dolomitised facies are also present in the Eifel area, yet only the broadest 
stratigraphical details are still identifiable (Burchette, 1981). Richter (1970), however, 
studied the Upper Devonian Wallersheim Dolomite and suggested that the early diagenetic 
dolomite represented intertidal to supratidal deposition. 
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Aachen 
The lower Frasnian Reef Limestones of the Aachen area consist of 125m of cyclic lagoonal 
carbonate facies (Kasig, 1966; Hollerbach and Kasig, 1980; Kasig, 1980; Wilder, 1985). 
These facies have been studied in three abandoned quarry sections at Schmithof and 
southeast of Walheim (Walheim Sections 1 and 2). 
The best outcrops are seen at the Schmithof quarry and Walheim Section 1 where facies 
are well exposed and easily identifiable (see Sections A2.22 and A2.28 for detailed logs). 
Schmithof quarry also exposes the boundary with the overlying 'nodular limestones' which 
represents the final drowning of the carbonate platform (Fig. 5-3). Lower Frasnian 
lagoonal facies range from semi-restricted subtidal through to supratidal. Biostromes 
(microfacies S2), in contrast to the upper Givetian are particularly well developed in the 
lower Frasnian. They occur more abundantly, are thicker (commonly 2-3m) and faunas are 
locally preserved in near-life position, suggesting there were only weak storms in the 
lagoon. Bulbous stromatoporoids are the major constituents, sometimes reaching 30cm in 
diameter, yet more commonly being 8-10cm in diameter. Thamnopora is locally seen to 
grow on top of the bulbous stromatoporoids, and Amphipora also has a close relationship 
with the bulbous stromatoporoids, inhabiting the interstitial spaces and baffling sediment. 
Bulbous stromatoporoids (mostiy Actinostroma and Clathrodictyon, Kasig (1976)), also 
colonised transgressive lags (microfacies SI), suggesting this facies (S2) represented the 
deepest, yet most oxygenated and best-circulated lagoonal environments. A common 
feature associated with the lower Frasnian biostromes is an erosional base. These can have 
an amplitude up to 7cm and are not seen elsewhere in the shelf lagoon. Walheim Section 1 
records the only occurrence of this brecciated transgressive deposit in the study area (see 
Section 4.2.1.1 and Figure 4-8 for details). This would suggest that transgressive pulses in 
the lower Frasnian were more sudden than those in the Givetian. 
Restricted subtidal environments are characterised by Amphipora thickets. These facies 
occur extensively in the lower Frasnian where the Amphipora branches are invariably in 
life position. Poorly fossiliferous horizons are interbedded with these Amphipora thickets, 
commonly grading up into microbial laminite horizons (see detailed logs in Appendix 2). 
Dolomicrite horizons with pseudomorphs of anhydrite represent the most restricted. 
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supratidal environments, where the prevailing climate would have been arid. Interestingly, 
fenestral horizons are not as common in the lower Frasnian as in the Givetian. 
Correlation of successions in the Aachen area is difficult, since outcrops are short and 
discontinuous. However, two marker horizons at the base (Grenzschiefer) and top 
(Nodular Limestones) of the Reef Limestone Beds do help. The succession at Schmithof is 
younger than those at Walheim, since approximately 10m above the end of the log the 
transition to deeper-water middle Frasnian 'nodular limestones' is exposed. Walheim 
Section 2 is approximately the same age as Schmithof as sediment styles are similar, and 
nodular and marly shales outcrop approximately 15m NW of the end of the section 
(representing the 'Nodular Limestone' beds) (Fig. 5-10). The oldest succession is Walheim 
section 1, as the 'Grenzschiefer' is positioned approximately 30m below the start of the log 
(Kasig, 1966). As the lower Frasnian 'Reef Limestone Beds' average 125m thick in total 
(Kasig, 1980), a gap of approximately 25m between Walheim Sections 1 and 2 can be 
guestimated. 
It is clear from the varying facies-types that the lagoon around the Aachen area 
experienced small-scale fluctuations in relative sea level. This resulted in a distinctive 
metre-scale cyclicity (see discussion in Section 5.1.6 and Chapter 6). Another magnitude 
of cyclicity can also be identified. Using the facies packages which record a maximum 
(microfacies S2) or minimum (microfacies SI2) in water depth, a longer-term local relative 
sea-level history may also deduced (Fig. 5-10). This identifies periods of relative highs and 
lows in sea level, which are correlatable between sections. Unfortunately, the inability to 
construct a complete section through the whole of the lower Frasnian hinders our full 
understanding of the sea-level history. 
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Figure 5-10 Correlation of Lower Frasnian successions in the Aachen area. See text for discussion. 
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5.1.6 Cyclicity 
A metre-scale cyclicity is very pervasive throughout the Givetian and Frasnian of the 
Ardennes-Aachen-Eifel area. Theses cycles are very well-developed in the lagoonal facies, 
yet can also be seen in the Givetian ramp facies. Cyclicity was determined by assessing the 
vertical stacking of facies in the successions. The base of a cycle is identified by the initial 
backstepping of a less restricted facies-type over a restricted facies-type. Cycles can 
therefore be either transgressive-regressive or wholly regressive. This depends on the rate 
of the ensuing transgression and the ability or inability of sedimentation to pace 
subsidence. 
Three major groups of cycle-type have been established (Table 5-2). Type A and Type B 
cycles are associated with shelf successions. Type A cycles show evidence for a decrease 
in circulation, decrease in diversity of organisms and decrease/increase in salinity upward 
through the cycle. It is difficult to determine if there is a shallowing-upward component to 
these cycles. Type A cycles are entirely subtidal in nature. Type B cycles shallow-upwards. 
These cycles also show a decrease in diversity of organisms and increase in fluctuation of 
salinity, up through the cycle. Type C cycles are associated with ramp facies and generally 
show shallowing-upward trends. This is often also accompanied by an increase in spar 
component and increase in abrasion of bioclasts. 
Cycle-type Characteristics Occurrence 
A l Cycles have semi-restricted subtidal bases and restricted 
subtidal tops. They show a decrease in circulation-, 
decrease in diversity of organisms and increase in 
salinity upwards through the cycle. Cycles are both 
symmetrical and asymmetrical. 
Cycle thickness ranges from less than 0.5m to 6.5m, yet 
averages 1.9m. 
Common throughout the 
Givetian and Frasnian 
successions. Particularly 
abundant in the 'lower unit' 
of the Trois Fontaines 
Formation (lower Givetian) 
and in the upper Givetian 
Fromelennes Formation. 
A2 Cyclicity within the restricted subtidal facies. These 
cycles show a decrease in diversity upwards through the 
cycle, synonymous with a ?decrease in salinity. Cycles 
are mostly asymmetric (regressive). 
Cycle thickness ranges from 0.2m to over 7m, with an 
average thickness of 1.9m. 
Common throughout the 
Givetian and Frasnian, but 
especially in the upper 
Givetian Fromelennes 
Formation and the middle 
Givetian of the Eifel area 
(Keldenich). 
A3 Cyclicity within the semi-restricted subtidal facies. These 
cycles show an increase in energy and decrease in 
diversity of organisms upwards through the cycle. Cycles 
are regressive. The cycle is 5.4m thick. 
Only seen in one horizon in 
the lower Givetian of Olloy-
sur-Viroin. 
Table 5-2 Eleven different cycle-types identifled in the Givetian and Frasnian of the Ardennes-
Aachen-Eifel study area. 
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B l Cycles which shallow from a semi-restricted subtidal 
base to an intertidal cap. Shallowing is accompanied by a 
decrease in diversity of organisms and increase in 
fluctuating salinity. Cycles are both transgressive-
regressive, and regressive. 
Cycle thickness ranges from 0.3m to 5.7m, averaging 
2.5m. 
Not very common cycle-type. 
Distributed through all time 
periods. 
B2 Cycles which show shallowing from restricted subtidal 
facies to intertidal facies. Shallowing is accompanied by 
a decrease in diversity of organisms and increase in 
fluctuating salinity. Cycles are mainly regressive, 
without any transgressive component. 
Cycle thickness ranges from 0.1m to 6.2m, with an 
average thickness of 2.1m. 
Common cycle-type. Seen 
mostly in the lower Givetian 
at Resteigne, Froid-Lieu 
Keldenich and at 
TeerstraBenbau 
B3 'Complete cycles' which fully shallow from a semi-
restricted subtidal base through to a supratidal cap. 
Shallowing is accompanied by a decrease in diversity of 
organisms and increase in fluctuating salinity. Cycles are 
regressive (asymmetrical). 
Cycle thickness ranges from 0.2m to over 9m, with an 
average thickness of 2.1m. 
Common throughout the 
Givetian and Frasnian shelf 
successions. 
B4 Cycles which shallow from subtidal restricted facies to 
supratidal facies. Shallowing is accompanied by a 
decrease in diversity of organisms and increase in 
fluctuating salinity. Cycles are mostly asymmetric. 
Cycle thickness ranges from 0.2m to 4.7m, with an 
average of 1.2m. 
The most common B-type 
cycle, occurring at all 
stratigraphic levels in the 
Ardennes, Aachen and Eifel 
areas. 
B5 Cyclicity within the intertidal to supratidal zone. Cycles 
are asymmetric (regressive). 
Cycle thickness is 0.2m. 
Only seen in one horizon at 
upper Givetian Walheim 
Southern Limb Section. 
C I Cycles which shallow from outer to inner ramp facies. 
Cycles are regressive, being asymmetrical. 
Cycle thickness ranges from 0.2m to over 10m, with an 
average thickness of 2.8m. 
Identified in all ramp 
successions. Most common 
C-type cycle. 
C2 Cycles which shallow from outer to inner ramp. Cycles 
show an increase in spar matrix, and increase in 
abrasion. Cycles are asymmetric. 
Cycle thickness ranges from 0.4m to 5.4m, averaging 
2.5m. 
Identified both in the lower 
Givetian successions at 
Glageon and Bellignies-
Bettrechies. 
C3 Cycles which shallow from open marine ramp to 
restricted ramp facies. Cycles show a decrease in 
diversity of organisms, and increase in lime-mud. Cycles 
are asymmetric. 
Cycle thickness ranges from 0.2m to 7.4m, averaging 
2.5m. 
This cycle-type is most 
prominent in the lower 
Givetian ramp succession at 
Bellignies-Bettrechies. 
Table 5-2 continued. 
Patterns of cycles can often be seen in successions, which are related to various external 
forces. For example the presence of a type of cycle may relate to a specific position in the 
longer term sea-level history; it can be predicted that type B5 cycles would occur where 
the longer-term sea-level was at a low. This in turn would relate to the time period of that 
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cycle. The type of cycle may also relate to the relative position of the succession with 
regards to the shoreline; a succession nearer the shoreline would be likely to record 
shallower facies, have more exposure surfaces and therefore be of a specific cycle-type. 
These concepts, the stacking patterns which the cycles portray and other magnitudes of 
cyclicity are all considered fully in Chapter 6. 
5.1.7 Summary 
The Givetian and Frasnian carbonates of the Ardennes-Aachen-Eifel area show both open 
marine and restricted facies. The distribution of the facies-types depends on the areal 
position of the succession and also its vertical position with respect to time. Figure 5-11 
presents a composite diagram showing the major facies characteristics through time, 
variations along the carbonate platform and the long-term sea-level curve, summarising all 
of the data presented in Sections 5.1.1 to 5.1.6. 
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Figure 5-11 Summary diagram showing long-term relative sea level curve, platform 
geometry and key facies. Chapters • 173 
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5.2 Isolated Carbonate Complexes 
Isolated carbonate complexes, as defined by Burchette (1981) are ''organic buildups which 
developed upon submarine elevations within shelf areas or basins and were isolated from 
direct input of terrigenous sediments". Within the Devonian strata of Germany and 
Southwest England two types of isolated carbonate complex can be identified; i) those 
with a central lagoon Attendom, Balve) and ii) those with a table-reef geometry 
without a central lagoon (Q,;^ ., Warstein). This thesis concentrates on the former, where 
lateral facies variations across the carbonate complex are well differentiated. 
Six isolated carbonate complexes have been studied; Attendom, Brilon, Torbay, Balve, 
Dornap and Langenaubach (Fig. 5-12). These complexes were chosen for study because of 
accessibility of suitable outcrop and reasonably weak post-sedimentary deformation and 
lack of destructive diagenesis (such as dolomitisation). For those complexes not studied, 
the reader is asked to refer to the list of published work presented in Table 5-3. 
Unstudied isolated carbonate complexes with 
central lagoon 
List of published work 
Wiilfrath Karrenberg, 1954 
Burchette, 1981 
Bergisch Gladbach Ditizetal, 1935 
Jux,1969 
Hering, 1994 
Table 5-3 Table of published work on Wiilfrath and Bergisch Gladbach Carbonate Complexes. 
In the Rhenisches Schiefergebirge local tectonic movements, which were controlled by 
deep-seated granites, had a strong influence on styles of sedimentation (Burchette, 1981). 
The development of rising crystalline domes, flanked by subsiding basins led to the 
localised initiation of reefs which grew mainly on the subsiding flanks of the positive 
structures (Krebs and Wachendorf, 1973; Krebs, 1976). Shales and turbidites were 
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Figure 5-12 a) Location map showing distribution of Devonian isolated carbonate complexes 
in western Germany (modified from Krebs, 1974). b) Location map showing distribution of 
Devonian carbonate complexes in Southwest England, c) Key for Figure. 
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Work by Krebs (1971, 1974) recognised three different palaeosituations where isolated 
carbonate complexes developed in the Middle and Upper Devonian in western Europe 
(Fig. 5-13). Those which developed along the shelf edge (type B l of Krebs, 1974) include 
Attendom, Brilon and Torbay Reef Complexes. Type B l complexes are distinguished by 
their large size (Table 5-4), their position on the shelf edge rise and their enclosure by 
time-equivalent off-reef pelagic sediments. These buildups also have both a bank (ramp) 
and reef (shelf) phase. Type B2 complexes are situated within the broad shelf rather than 
on the shelf edge. These include the complexes of Balve and Domap which were studied 
for this thesis. Characteristic inter-reef basins occurred between these complexes, where 
deep pelagic shales and turbidites were deposited. The complexes themselves tend to be 
smaller than those of B l type. Finally, type A complexes were developed within the 
Rhenish trough and are associated with submarine volcanics. Langenaubach, which was 
studied for this thesis, developed in the trough where ophitic lavas and tuffs built up to 
sea level. Carbonate sedimentation did not prevail until volcanism had ceased at the end of 
the Middle Devonian. The carbonate complexes of type A are surrounded on all sides by 
basinal sediments. 
T V P E A 
Developed within trougli on submarine 
volcanic rise. Surrounded by basinal 
sediments 
e.g., Langenaubach 
T Y P E B I 
Developed at the shelf edge. Schwelm 
facies underlie complex, surrounded by 
basinal sediments 
e.g., Brilon, Attendom, Torbay 
T Y P E B 2 
Developed on extensive carbonate platform 
within shelf. Separated by intrareef basins, 







Figure 5-13 Three types of isolated Devonian carbonate complex. Adapted from Krebs (1974). 
See Section 2.2.3.2 also. 
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Carbonate complex Types (Krebs, 
1974) 
Approximate thickness Approximate size 
Langenaubach A >200m (Krebs, 1966) 20W (see Section 5.2.3.1) 
Attendom Bl 950m (Gwosdz, 1971) 70km' (Krebs, 1974) 
Brilon Bl >1000m (Krebs, 1974) 144km (^Hong, 1992) 
Torbay Bl ~500m (Scrutton, 1977a) 1000km' (Scrutton, 1977a) 
Balve B2 1,300m (Krebs, 1974) 7 
Domap B2 ~400m (Gotthardt, 1970) ? 
Table 5-4 Approximate former size (area) and thickness of studied isolated carbonate complexes. 
Table modified from Krebs (1974). 
0 
The ages of the carbonate complexes vary (see Figure 4-6). Their initiation is broadly 
transgressive in nature towards the north, with the oldest complexes developing on the 
shelf edge (Brilon, Torbay) and the younger complexes developing within the shelf (i.e., 
Balve, Domap). Langenaubach is an exception to this rule, however, since its development 
was primarily controlled by volcanism. 
The distribution of facies in the isolated carbonate complexes is controlled by several 
factors. Many of the complexes are fault-bounded (e.g., Brilon, Attendom, Balve), with 
differential subsidence playing an important role in sedimentation rates, overall thickness of 
the complexes and distribution of facies. The influence of volcanics is particularly 
important in some complexes (especially those in the trough) and strongly controlled their 
development. Prevailing wind direction and climate in general was a strong control on 
facies distribution, especially on the development of the reef and deposition of storm-
derived facies. Finally, their position on the shelf (i.e., on the shelf edge, within the shelf, 
or in the trough) had subtle controls on facies distributions. For example the shelf edge 
was more mobile than the inner shelf and trough and was therefore more susceptible to 
base-level fluctuations. This is represented by deposition of essentially cyclic sediments, 
reflecting water-depth variations. 
5.2.1 Shelf-edge reefal complexes 
Three complexes which developed on the shelf edge (type B l complexes of Krebs, 1974) 
have been studied: Attendom, Brilon and Torbay. Shelf-edge complexes are generally 
larger and thicker than those developed within the shelf and trough (Table 5-4). Many 
complexes are fault-bounded and are influenced by synsedimentary volcanism, usually in 
the form of tuffitic bands. It is difficult to assess if the shelf-edge itself was in fact fault-
bounded (Burchette, 1981). The complexes also display more variable back-reef facies. 
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including semi-restricted subtidal, restricted subtidal, intertidal and supratidal (see 
following Sections for details). Table 5-5 documents the location of the studied sections. 
Appendix 1 provides thin-section information and Appendix 2 presents the detailed logs 















1:50,000, Map 12, Hochsauerlandkreis 
r:34.3057 h:56.6858 
no log 










Stemmel quarry 1:25,000, Map 4518, Madfeld 
r:34.7980 h:56.9900 
no log 
Torbay Broadridge Wood 
quarry 
1:50,000, Sheet 202, Torbay and South 
Dartmoor, SX 8390 7712 
31.21m 
(Section A2.6) 
Linhay Hill quarry 1:50,000, Sheet 202, Torbay and South 
Dartmoor, SX 7680 7107 
51.12m 
(Section A2.15) 
Rydon quarry 1:50,000, Sheet 202, Torbay and South 





1:50,000, Sheet 202, Torbay and South 
Dartmoor, SX 895 582 
12.5m 
(Section A2.11) 
Table 5-5 List of successions studied in the Attendorn, Brilon and Torbay Reef Complexes. 
5.2.1.1 Attendorn Reef Complex 
The Attendorn Reef Complex extends northeast of Attendorn towards Finnentrop and 
Grevenbriick in the Sauerland area of western Germany (Fig. 5-12; Fig. 5-14). It has been 
most extensively studied by Krebs (1968, 1971, 1974) and Gwosdz (1971, 1972), yet since 
1974 very little data have been published on this complex. 
The Attendorn Reef Complex was initiated in the middle Givetian and carbonate 
sedimentation continued through to the Pa. gigas conodont zone of the Frasnian (Gwosdz, 
1971; Krebs, 1971; Krebs 1974). Carbonate sedimentation was initially of bank (Schwelm) 
facies where up to 300m accumulated on the northwestern flank of the Attendorn syncline 
(Gwosdz, 1971). Carbonates of the Dorp facies were subsequently deposited and showed 
a distinct lateral variation in facies so that an atoll-shaped isolated carbonate complex was 
defined (Fig. 5-14; Krebs, 1971). The Dorp facies could be divided into pelagic, fore-reef, 
reef-core and back-reef, with the back-reef facies covering the largest area in the complex. 
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The Attendom Reef Complex covered an area of 70km^, allowing for the 33% shortening 
by Variscan tectonics (Krebs, 1974). These Dorp reef successions reached thicknesses up 
to 650m attaining the greatest thickness in the northwestern part of the complex. Krebs 
(1971, 1974) suggested these increased thicknesses represented the ability of reef 
sedimentation to keep pace with the continuous strong subsidence on the highly mobile 
shelf-edge hinge. The Attendom reef complex is fault-bounded (?synsedimentary) on its 
southeastem margin (Krebs, 1971). 
A change in the rate of subsidence of the reefal areas and a widespread transgression led to 
the drowning of Attendom reef where black shales were deposited over the deepest parts 
of the central lagoon and thin cephalopod limestones covered the reef rim. (Krebs, 1974). 
This occurred as early as the Ancyrognathus triangularis conodont zone in some parts of 
the reef (Gwosdz, 1971). Deposition of thick successions of black shales continued in the 
inter-reef basins (up to 450m; Kamp, 1968) which, compared to very thin deposits of 
cephalopod limestones on the reef-highs, suggests the inter-reef basins now had greater 
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Figure 5-14 Palaeoreconstruction showing the original shape of the Attendorn Reef Complex and 




An economically important pyrite-sphalerite-barite ore deposit is situated 4km south of the 
Attendorn Reef Complex in the pelagic deposits of the Meggen Basin. This deposit is 
time-equivalent to the Attendorn Reef Complex (Krebs, 1972). To date there has been 
little evidence of time-equivalent volcanics around the Attendom area. 
Back-reef facies have been studied at two successions in the Attendom Reef Complex, 
where very different successions are exposed (Table 5-5; Fig. 5-14). 
A 165m thick succession is exposed at an overgrown abandoned quarry, southeast of 
Heggen (See Section A2.13 for detailed log). Strata dip subvertically and the succession 
youngs towards the NNW. Sedimentary structures such as graded bedding were used to 
determine the way-up of the succession. 
Thinly-bedded, bioclastic grainstones with a rich faunal assemblage (microfacies S3a) are 
particularly well-developed in this succession. These facies are dominated by dendroid 
stromatoporoids (especially Stachyodes), broken-up laminar stromatoporoids (commonly 
10cm long), crinoids and corals. Locally, reef-derived coral colonies, up to 42cm diameter, 
can be seen. Interbedded with bioclastic grainstone facies, yet volumetrically subordinate, 
are facies dominated by Amphipora and thamnoporoids (microfacies S4b). Again these are 
in a sparitic matrix, reflecting the persistent high energy of this depositional environment. 
The presence of Amphipora branches is thought to indicate slightly more restricted 
conditions (either in terms of salinity or circulation?). Local, small biohermal-like buildups 
can be seen in the Heggen quarry where bulbous and laminar stromatoporoids, with a 
lesser dendroid stromatoporoid component, dominate (microfacies S2). The fauna is well 
preserved with little reworking and attrition by strong waves or currents. 
Diagenetic processes have occurred extensively at the Heggen quarry succession, with 
dolomitisation being the most pervasive process. Course-grained dolomite rhombs 
overprint both the matrix and bioclasts and often this process is so pervasive that facies 
assignation is impossible. The dolomitisation appears to preferentially affect bedding 
surfaces, or tectonic cracks/veins suggesting this was not an early diagenetic process. 
The succession at Heggen quarry shows a very crude evolution through time (Fig. 5-15). 
The base (Om to 37.5m) is a very mixed, interbedded bioclastic grainstone, Amphipora 
grainstone and stromatoporoid floatstone succession. The central part of the succession 
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(55m to 90m) has a lesser Amphipora (microfacies S4) component, and the upper part 




















































Figure 5-15 Facies distributions at the Heggen quarry, Attendorn Reef Complex. Lower and upper 
parts of the succession are characterised by interbedded stromatoporoid floatstones (microfacies S2), 
bioclastic grainstones/ rudstones (S3a) and Amphipora grainstones (S4), whereas the middle part of 
the succession is Amphipora-free. 
The presence or absence of Amphipora-dormnated facies may be related to the influence of 
currents within the lagoon. Where there is an admixture of both reef-derived and lagoon-
derived grains in the immediate back-reef facies (lower and upper parts of succession) both 
storms and strong currents would have played an important role; storms would have 
derived material from the reef, whereas currents could have generated accumulations of 
the Amphipora branches from the lagoon interior. In the central part of the succession, 
however, where there is an absence of Amphipora, currents may have played only a minor 
role in sediment accumulation. It is also interesting to note that this central part of the 
succession also records thick successions of stromatoporoid floatstones (microfacies S2), 
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with only minor storm (S3) accumulations. Therefore, during this stage of sedimentation 
there was an apparent storm- and current-quiescence. 
Another succession in back-reef facies can be seen at Grevenbriick quarry on the B236 
road 1km northwest of Grevenbriick. The succession is very different from the high energy 
deposits seen at Heggen. Strata here are pervasively dolomitised and facies are very 
difficult to identify. However, where the strata are not so altered, facies are of a micritic 
and poorly-fossiliferous nature; they can be assigned to the S6 microfacies group. Krebs 
(1971) also noted the presence of Amphipora floatstones which had a dark micritic matrix 
(microfacies S4). The presence of poorly-fossiliferous horizons and monospecific fossil 
assemblages suggests deposition within a restricted environment. Therefore, this central 
part of the Attendom Reef Complex represents a low-energy lagoon. 
Examination of these successions suggests that at least two major subenvironments within 
the back-reef area of the Attendorn Reef Complex can be identified. High-energy 
grainstone and mdstone deposits can be seen at Heggen quarry and these are interpreted 
as being deposited in the immediate back-reef environment on the lee-side of the reef. 
Fine-grained, poorly-fossiliferous horizons have been seen in the Grevenbriick quarry and 
this succession is thought to have been located in the central, restricted part of the back-
reef lagoon (see Figure 5-14). In this study only sedimentation of a subtidal nature has 
been identified. However, Krebs (1968) has noted the occurrence of fenestral, laminated 
peloidal grainstones in another succession in the complex. Therefore, the lagoon, 
infrequently, became elevated when an intertidal zone developed above shallow reef-debris 
flats (Krebs, 1968). 
5.2.1.2 Brilon Reef Complex 
The Brilon Reef Complex is located between Bleiwasche, Brilon and Madfeld in the 
Nordrhein-Westfalen area of Germany (Fig. 5-12). Due to the extensive quarried outcrop 
and cores, the Brilon Reef Complex is probably one of the best understood Devonian 
reefal complexes in Germany. The complex is of type B l (Krebs, 1974), being situated on 
the palaeoshelf edge. Both Schwelm and Dorp facies are identified, yet underlying these 
carbonates is a thick pile of basic lavas which until 1990 (Machel, 1990a) had not 
previously been documented. Clearly volcanism played an important role in the initiation of 
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sedimentation and this continued throughout carbonate deposition in the form of tuffitic 
bands (Hong, 1992). 
Carbonate sedimentation started in the form of ramp facies in the upper Givetian (Machel, 
1990a). These carbonate facies are approximately 70m thick and show no well-defined 
reefal zones thus having typical Schwelm characteristics (Machel, 1990a). Dorp facies 
were deposited from the latest Givetian (lower Pol. varcus conodont zone) through to the 
An. triangularis/Pa. gigas boundary in the middle Frasnian (Machel, 1990a; Hong, 1992; 
see Figure 2-1 for stratigraphic table). The thickness of these facies is around 630m 
(Machel, 1990a), yet locally can reach up to 1,000m (Paekelmann, 1936). After deposition 
of the Dorp facies, approximately 35m of Iberg facies can be identified (Machel, 1990a). 
These facies show no clearly defined reef zones, very much like the Schwelm. Carbonate 
deposition was terminated at the An. triangularis/ Pa. gigas boundary where non-
deposition and a hiatus prevailed (Stritzke, 1986). Typical 'schwellen' and 'becken' 
deposition of nodular limestones and shales continued through the rest of the Upper 
Devonian (Stritzke, 1989). 
The shape of the Brilon Reef Complex is well-constrained due to the extensive outcrop 
(Fig. 5-16). Its asymmetric, ellipsoidal shape trends in a WNW-ESE direction and 
palaeoreconstmctions suggest it would have covered an area of approximately 144km^ 
(Hong, 1992), one of the biggest isolated complexes in Germany. From early Givetian 
through to late Frasnian, movement on the NW-SE trending Altenburen fault (located on 
the Northeast margin of the complex) influenced sedimentation and may explain the 
differential thickness of the Dorp facies across the complex (Krebs, 1974; Burchette, 
1981). 
As with many of the isolated complexes. Dorp facies across the Brilon Reef Complex were 
laterally impersistent with three major zones being identified: fore-reef, reef-core and back-
reef. Fore-reef facies are dominated by debris-flow deposits, and further basinwards, 
turbidites (Stritzke, 1989). These rhythmically produced debris flows interfingered with in-
situ limestones, claystones and red iron ores (Stritzke, 1989). Reef facies are characterised 
by laminar stromatoporoids, tabulate corals, rare mgosan corals and dendroid 
stromatoporoids such as Stachyodes (Stadter and Koch, 1987). Corals are volumetrically 
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subordinate (Hong, 1992). Back-reef facies cover the largest area in the Brilon Reef 






Reef Lagoon Patch-reef 
Figure 5-16 a) Distribution of the Brilon atoll-reefs, b) Idealised biozonation of the Brilon Reef 
Complex. Diagrams adapted from Hong (1992). 
Two back-reef successions have been studied near Bleiwasche in the northeastem part of 
the complex (Table 5-5). The best succession can be seen at the Eley quarry. West of 
Bleiwasche, where a 44m log was constmcted. Sedimentation is extremely variable, from 
subtidal through to supratidal (Table 5-6; see log in Section A2.4). 








S2 S3 S4 S6 S7 S8 SIC S l l S12 
30% 1% 30% 5% 8% 22% 2% 1.5% 0.5% 
Total: 31% Total: 43% Total: 24% Total: m 
Table 5-6 Table illustrating the proportion of microfacies in the Bleiwasche quarry succession. 
Percentages are calculated with respect to total thickness of facies. 
One of the most common microfacies are Amphipora floatstones and bafflestones 
(microfacies S4). The Amphipora branches are commonly scattered throughout the bed, or 
occur as dense thickets. There is very little reworking and the amphiporoids are well 
preserved. The matrix to this facies can be spar or micrite. This reflects the highly variable 
water energy at this locality. Rarely, Amphipora branches are encmsted by Girvanella 
(See Figure 3-9b). Dasycladacean algae are a locally abundant component to this 
microfacies. In the Bleiwasche quarry section, Amphipora facies commonly grade into, or 
are overlain by, poorly-fossiliferous mud-wackestones (microfacies S6) or by fenestral 
mudstones and wackestones (S8 microfacies). 
Stromatoporoid floatstones, dominated by bulbous morphologies, occur frequently 
throughout the succession. Locally, bedding is quite massive (locally in excess of 1.5m). 
The stromatoporoids are commonly 8-12cm in diameter and are locally in life-position. 
Also associated are amphiporoids and Stachyodes. The matrix is mostly micritic, very 
peloidal and has a rich microfossil assemblage including calcispheres, ostracodes and 
forams. Commonly, stromatoporoid floatstones grade into Amp/iipora-dominated 
bafflestones (See Section A2.4). An unusual feature in the Bleiwasche quarry section is the 
relatively low proportion of the S6 poorly fossiliferous microfacies (Table 5-6). Where 
present, these horizons are rich in dasycladacean algae, calcispheres, forams and 
ostracodes. 
Intertidal and supratidal deposits are very common in the Bleiwasche successions, with 
fenestral horizons being particularly abundant. Fenestrae commonly form as an 
interconnecting network, associated either with microfossil-rich micrites (SB microfacies) 
or microbial laminites (SIO microfacies). Commonly the fenestrae have an internal 
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sediment-fiU of vadose silt at their base. Microstalactitic cements are locally present. 
Laminites are well developed, especially in the middle of the succession (see log in Section 
A2.4). These commonly show horizons of mudchips (mudchips are on average 8-9mm in 
length, very angular with no specific orientation), which represent storms impinging on to 
the high-intertidal to supratidal environment. The development of microbial laminites and 
consequent mud polygons are the most restricted facies seen at Bleiwasche quarry. 
The varied facies and energy levels seen at the Bleiwasche quarry and Bleiwasche road 
cutting suggest these successions were located within the tidal flat environment during the 
lower Frasnian. Other successions in the Brilon Reef Complex have alluded to the periodic 
development of patch reefs within the back-reef environment (Machel, 1990a; Hong, 1992; 
Fig. 5-16). These stromatoporoid framestones were 3-6m in height and each covered an 
area of 200-700m^ (Hong, 1992). They appeared to develop mostly in the late Givetian to 
earliest Frasnian, during the initial stages of reef-development (Machel, 1990a). 
Sedimentation in the lagoon was not strongly influenced by storms. There is very litde 
reef-derived debris in the back-reef environment and there is very littie reworking of 
faunas. Storm and current deposition was important in the high-intertidal to supratidal 
zone so that microbial mats could be deposited and mud polygons reworked. The storms, 
however, did not impinge to greater water depths. The succession at Bleiwasche quarry 
displays only a very subordinate bioclastic component, with rare gastropods. 
Diagenesis of facies in the Brilon Reef Complex shows several stages of development 
(Machel, 1990b). Early diagenesis occurs most prolifically in fore-reef and reef-core facies 
where meteoric effects have been detected (Machel, 1990b). The back-reef environment 
appears to have been only marginally affected where rare microstalactitic cements are 
identified. Later stage diagenesis, associated with uplift in the Carboniferous, has also been 
identified, where deep fissures cut into the reef facies and are subsequently sediment-filled 
(Machel, 1990b). 
Boreholes in the Brilon Reef Complex can allude to the overall local evolution of the 
lagoonal environment (Machel, 1990a). Sedimentation was initially of low-energy, subtidal 
facies and then the succession was dominated by intertidal to supratidal intercalations 
(Machel, 1990a). This change in sedimentation was related to either a change in 
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subsidence rate (high subsidence to low subsidence rate; Machel, 1990a) or longer-term 
sea-level histories. 
The most prominent feature of the back-reef sediments in the Brilon Reef Complex is the 
cyclicity. The cyclicity occurs on a number of scales, from decimetre, to metre to hundreds 
of metre (overall evolution, which has already been discussed). Several types of decimetre 
and metre-scale cycle have been identified (Fig. 5-17), and follow the scheme presented in 
Table 5-2 for the shelf lagoon. 
Type A. Cycles which show a decrease in circulation-, decrease in diversity of organisms 
and increase in salinity upward. These cycle-types are two-fold. 
A l ) Cycles which have a semi-restricted, subtidal, S2 bulbous stromatoporoid base and are 
capped by restricted Amphipora floatstones/ bafflestones (S4) or macrofossil-poor 
wackestones (S6) or grainstones (S7). These cycles are both asymmetric (regressive) and 
symmetric (transgressive-regressive) and range from 1.09m to 3.09m in thickness. 
A2) Cycles which display only facies in the 'restricted microfacies' group. Cycles have an 
Amphipora-rich base (S4) and are capped by fossil-poor micrites (S6) or peloidal 
grainstones (S7). Cycles range from 1.9m to 2.7m in thickness and are asymmetric (see 
Section A2.4). These cycles show a decrease in fossil diversity upward, synonymous with 
an increase in fluctuating salinity. They also probably show shallowing, especially where 
capped by peloidal grainstone (S7) facies. 
Type B. Cycles which show shallowing-upwards. This is also accompanied by a decrease 
in diversity of organisms and increase in salinity fluctuation. Three different types can be 
identified ( B l , B2, and B3 of Table 5-2). 
B l ) Cycles which shallow from semi-restricted subtidal facies through to intertidal facies. 
These cycles have S2 bulbous stromatoporoid floatstones at their base, then have a 
restricted subtidal horizon (either Amphipora bafflestones or poorly-fossiliferous facies) 
and are then capped by fenestral mudstones and wackestones (S8) or fenestral laminites 
(SIO). These cycles range from 0.76m to 4.08m in thickness and are either completely 
regressive or transgressive-regressive. 
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B2) Cycles which have a 'restricted subtidal' base and an intertidal cap. These cycles 
commonly have an Amphipora-rich or poorly-fossiliferous base (S4, S6 or S7 facies) 
which are then capped by fenestral limestones (S8, SIO microfacies). These cycles range 
from 0.42m to 1.29m in thickness and are regressive (asymmetrical). 
B3) Cycles which fully shallow to high intertidal-supratidal deposits. These cycles have a 
restricted subtidal base (S6 microfacies) and are capped by microbial laminites (S12). 
These cycles are particularly thin, ranging from 0.25m to 0.6m in thickness. They show a 
regressive trend (asymmetrical). 
Cyclicity is not only apparent in the back-reef facies of the Brilon Reef Complex. Stadter 
and Koch (1987) noted that reefal deposits were also periodically subjected to elevation 
into the intertidal-supratidal zone. This was recorded as early diagenetic (microstalactitic) 
cements, thick syntaxial overgrowths and shifting 6"C values from 2.5%o to 1.5%o. To 
date, no correlation between reef and back-reef facies using cyclicity as a correlative tool 
has been attempted. 
The causal mechanisms of this cyclicity are further discussed in Chapter 6. 
5.2.1.3 Torbay Reef Complex 
The Torbay Reef Complex is situated between Torquay, Ashburton and Brixham in 
Devon, Southwest England. Exposure of the reef complex is poor, with the best exposures 
seen along the coast and in abandoned and working quarries inland. Severe Variscan 
folding and thmsting and relatively poor inland exposure have hampered 
palaeogeographical reconstmctions. However, the major facies variations have been 
documented and a broad palaeogeographical setting of an isolated carbonate complex has 
been established by Scrutton (1977a, b) and Scrutton and Goodger (1987). The carbonate 
complex is thought to have developed on a topographic high along the shelf-edge margin, 
with an easterly extension of the South Devon Basin separating it to the North from near-
shore elastics and continental facies on the Old Red Continental margin (Selwood and 
Thomas, 1986; Fig. 5-18). 
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Figure 5-18 Schematic facies relationships for the Devonian of Southwest England (modified from 
Selvyood and Thomas, 1986). 
Most Middle Devonian work in Torbay Reef Complex has concentrated primarily on the 
reef facies, where detailed palaeontological and sedimentological aspects have been 
discussed (Braithwaite, 1966, 1967; Scrutton, 1977a, b; Scrutton, 1978; MayaU, 1979; 
Selwood et al., 1984). Until 1996 the back-reef carbonates had not received detailed 
attention, although their setting within the general interior platform sequences had been 
described in a key section by Scrutton and Goodger (1987). Garland et al. (1996) 
discussed the sedimentological, palaeontological and cycUc aspects that these back-reef 
facies display and this is further considered in this Section. 
The Torbay Reef Complex developed upon thin crinoidal banks (Denbury Crinoidal 
Limestone) of late Eifelian age (Selwood et al., 1984; Scrutton and Goodger, 1987). 
These crinoidal facies are comparable to the Schwelm facies of the Rhenisches 
Schiefergebirge, although there are subtle faunal differences with stromatoporoids being 
very limited in the Denbury Crinoidal Limestone. 
Reef development within the Torbay Reef Complex shows a shifting pattern throughout 
the Givetian (Fig. 5-19). In the lower to middle Givetian, reef limestones, composed 
mainly of massive and laminar stromatoporoids with a diminutive coral component, are 
located m the Torquay area, being especially well developed at Long Quarry Point 
(Scrutton, 1978). Back-reef deposits are located behind this reef-core and can be best seen 
in the Lemon Valley (Broadridge Wood quarry), Ashburton area (Linhay Hill quarry) and 
north of Newton Abbott (Rydon quarry) (Fig. 5-19). The western margin to the Torbay 
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Reef Complex is not seen in the study area. It is either covered by younger sediments, or 
has been thrust out. Deep-water shales and turbidites are seen, attesting to the isolated 
nature of the complex (Scrutton, 1977b). Towards the end of the Givetian, reef-core facies 
had shifted to Brixham (exposed at Berry Head; Mayall, 1979). The reefs had similar 
faunal components to the Torquay reef, with tabular and massive stromatoporoids being 
the major components (Mayall, 1979). The development of reef-core facies at Brixham 
enabled back-reef sedimentation to occur on the lee-side. This can be seen at Goodrington, 
although the facies are now extensively dolomitised and tectonically dislocated (Fig. 5-19). 
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Figure 5-19 Location maps showing non-palinspastic distribution of facies and location of logged 
sections for A) Lower to middle Givetian and B) Upper Givetian. Modified from Scrutton (1977b). 
The total thickness of the limestones in the Torbay Reef Complex is around 500m, when 
volcanic strata are discounted (Scrutton, 1977a). As Scrutton (1977a) discussed, the size 
of the complex is somewhat more difficult to determine, due to the poor outcrops and 
severe tectonic complications. The N-S shortening of the Devonian during the Variscan 
Orogeny could have been as much as 50%, thus giving the Torbay Reef Complex an area 
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of lOOOkm^ (Scrutton, 1977a). These estimates should be used with caution, however, 
since many assumptions have been made during the calculations. 
Carbonate sedimentation around the Torquay area ceased in the latest Givetian or early 
Frasnian, although elsewhere in the area carbonates were still being deposited until middle 
Frasnian times (Scrutton, 1977a). A general transgression then prevailed, where shales and 
thin turbidites were deposited in basins and nodular limestones developed on topographic 
highs. 
Four successions in back-reef facies of the Torbay Reef Complex have been studied with 
respect to detailed facies analysis (Table 5-5; Fig. 5-19). 
The succession at Broadridge Wood quarry was discussed by Scrutton and Goodger 
(1987) where its situation within the platform interior was ascertained. It exposes the 
uppermost part (approximately 150m above the base; Scrutton and Goodger, 1987) of the 
Chercombe Bridge Limestone. Conodont faunas put the succession within the Pol. varcus 
zone of the lower Givetian (Selwood et al., 1984). 
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Figure 5-20 Generalised log for the Broadridge Wood quarry, showing primary facies groups. 
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The succession at Broadridge Wood quarry shows a series of facies-types which can be 
seen in the summary log in Figure 5-20, or can be seen in the detailed log in Section A2.6. 
The succession starts with a particularly interesting horizon where a calcrete has 
developed. This is a unique horizon since it is the only example of S14 microfacies in the 
back-reef facies of the Torbay Reef Complex and indeed of any isolated carbonate 
complex in the study area. The host rock is composed of a slightly bioclastic micrite, yet 
the most prominent feature in this rock is the anastomosing cracks and veins which 
penetrate through it. These circum-granular cracks often surround bioclasts and are both 
spar and sediment filled (with peloids) (see Figure 4-19e). The rock exhibits a 'floating' 
texture where angular clasts have no apparent support and is a mottled colour. This 
horizon represents an alpha-type calcrete of Wright (1990) where there is no apparent 
biogenic influence. The amount of time which it took for this calcrete to develop is difficult 
to assess; however, this horizon unequivocally represents subaerial exposure for a 
prolonged period of time. 
Above the calcrete horizon the succession is dominated by subtidal deposition for the next 
7m. Interbedded horizons of stromatoporoid floatstones (S2 microfacies), Amphipora 
floatstones and bafflestones (S4) and poorly-fossiliferous micrites (S6) are characteristic. 
The stromatoporoids in S2 microfacies are small, bulbous in shape and are variably 
orientated suggesting the waters were sometimes turbulent. Amphipora branches are well 
preserved in the S4 microfacies (see Figure 3-3a), commonly being aligned parallel to 
bedding. Scattered corals, including Remesia, Scoliopora and Thamnopora have also been 
documented (Scrutton and Goodger, 1987). An interesting feature associated with the 
facies at Broadridge Wood quarry (and Linhay Hill quarry) is that they commonly have a 
pink-coloured matrix. This coloration is related to the dolomitisation of the original micrite 
matrix, where the dolomite rhombs have a red iron-stained rim to them. This diagenetic 
process appears to be mainly restricted to the highly-fossiliferous horizons; however, it 
does occur in some rare fossil-poor horizons also. 
From 7m to the end of the succession at Broadridge Wood quarry, there is an increasing 
component of intertidal deposition (fenestral micrites and fenestral laminites). These 
fenestral facies are interbedded with S6 micrites and S4 Amphipora-rich facies. The 
horizons contain both laminoid and tubular fenestrae which often have an internal 
sediment-fill of vadose silt (see Figure 4-14a). 
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The facies succession at Broadridge Wood quarry suggests it was situated in the restricted 
part of the lagoon, which was dominated by low-energy waters. The presence of several 
horizons of fenestral limestones and the presence of the calcrete horizon at the base 
suggest that there was frequent elevation into the intertidal zone of the tidal flat 
environment and on one occasion there was prolonged subaerial exposure. A long term 
evolution in the local depositional environment can be seen at Broadridge Wood, from 
dominantly subtidal at the base (just above the calcrete) to increasingly more intertidal-
influenced. Scrutton and Goodger (1987) also noted that on the upper ledges of the quarry 
(@ ~24.5m on log) a more diverse coral fauna is seen associated with the bulbous 
stromatoporoids, suggesting a period of increased marine influence. 
Several faces in the Linhay Hill quarry, NE of Ashburton, are available to study the 
Givetian back-reef facies; however, thrusting is common within these successions and 
hampers the construction of a long, continuous log. The succession at this locality is 
thought to be Givetian in age, yet to date, conodont information has not been made 
available. 
The succession at Linhay Hill quarry is very similar to that at Broadridge Wood, in that it 
is dominated by interbedded horizons of Amphipora bafflestones (S4 microfacies), 
bulbous-shaped stromatoporoid floatstones (S2) and fossil-poor micrites (S6 microfacies). 
At Linhay Hill quarry, however, there is no evidence of intertidal deposition (Fig. 5-21). In 
the basal 7.5m bioclastic horizons are also particularly conspicuous, with Stringocephalus 
dominating. These thick-shelled terebratulid brachiopods can commonly be 35mm wide, 
are mostly disarticulated and are associated with solitary corals (Temnophyllum sp., 
Scrutton, 1917a), Thamnopora, gastropods and rare Amp/iipora branches. 
Above 7.5m the logged succession is mostly dominated by interbedded Amphipora 
bafflestones-floatstones and poorly-fossiliferous micrites. Amphipora is usually apparent as 
dense thickets which, along with the S2 facies, most often has an extremely red matrix 
(Fig. 5-22). 
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Figure 5-21 Generalised log for the Linhay Hill quarry, showing primary facies groups. 
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Figure 5-22 Field photograph of bulbous and dendroid stromatoporoid horizon (microfacies S2) at 
Linhay Hill quarry. The matrix has been altered to iron-rich dolomite, resulting in a reddened 
colouration. Photograph courtesy of Colin Scrutton. 
Macrofossil-poor micrites (S6) are mostly bioturbated and rich in microfossils; however, 
locally the facies appears laminated. This possibly indicates periods of time where the 
water salinity was too severe for benthos to inhabit; thus there were no burrowing 
organisms to disturb the lamination. Interestingly in the Linhay Hill succession there is no 
evidence of algae. This is highly unusual, since many of the Middle Devonian lagoonal 
environments were rich in dasycladaceans and to a lesser extent codiaceans. Although the 
dasyclads and codiaceans were thought to be able to survive restricted environments 
(Wray, 1977), the conditions at this locality may have just been too harsh (salinities greatly 
fluctuating, increasingly poor circulation) to support the algae. However, calcispheres and 
forams were able to adapt to these environments. Horizons of well-preserved gastropods 
are also seen interbedded with the fossil-poor micrites. 
The succession at Rydon quarry displays quite different facies from those seen at 
Broadridge Wood and Linhay Hill. A section on the eastern wall of this abandoned quarry 
exposes 21m of high-energy, fossiliferous back-reef facies. The rocks dip towards the 
south, but later examination of geopetal evidence in thin sections suggests the strata are in 
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fact overturned. Thrust faults and folding can also be seen in the quarry faces. This 
succession is equivalent to the 'Rydon south quarry' of Scrutton (1977a). 
The succession at Rydon quarry shows varying facies types, which are both subtidal and 
intertidal in origin (Appendix 2.21). Bioclastic grainstones and rudstones of microfacies 
S3a are particularly common (See Figure 4-lOd for photomicrograph). These facies have a 
varied fauna, dominated by dendroid stromatoporoids (mostly Stachyodes, but also 
Amphipora), Thamnopora, crinoids and solitary corals. The facies rarely shows graded 
bedding and therefore deposition within the zone of constant wave agitation, rather than 
storm deposition is inferred. Peloidal grainstones of microfacies S7a affinities are common, 
mainly in the upper parts of the succession. In both the S3a and S7a microfacies the matrix 
is sparitic. Several generations of cement can often be identified, with common syntaxial 
cements around crinoids, isopachous cements surrounding grains and a later diagenetic 
ferroan calcite or baroque dolomite infilling or replacing the remaining porosity. Locally, 
bioclastic wackestones and Amphipora floatstones are interbedded with the grainstone 
facies, representing migration or evolution into lower-energy depositional settings. A little 
farther north in the roadcutting along the Newton Abbott Bypass Scrutton (1977a) 
recorded the presence of a small patch-reef within this back-reef environment. Fenestral 
horizons are locally developed representing elevation into the intertidal environment. 
Scrutton (1977a) also noted the presence of these intertidal facies. 
The succession at Rydon quarry is interpreted as having been situated near a shallow fidal-
flat environment, where small-scale relative sea-level fluctuations or tidal-flat progradation 
resulted in deposition of interbedded facies-types. The succession does not show any 
characteristic longer term evolution. 
A short succession was studied at Goodrington road cutting (Table 5-5; Section A2.1). 
However, detailed facies analysis was difficult as many horizons had been dolomitised. The 
road cutting exposes upper Givetian facies of the Goodrington Limestone, which is part of 
the Brixham Limestone Group (Scrutton, 1979). Therefore, it represents the facies of the 
younger of the two carbonate complexes developed in the area. The dolomitisation at this 
locality is fabric destructive, making identification of microfacies near impossible. Where 
dolomitisation was not so pervasive horizons of Amphipora floatstones and bafflestones 
interbedded with poorly-fossiliferous micrites were seen. Scrutton (1978) also identified 
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bands rich in small stromatoporoids and corals (including Temnophyllum sp. and Heliolites 
sp.). The presence of interbedded horizons of Amphipora and fossil-poor facies suggests 
back-reef environments in the Goodrington area during the late Givetian. 
Synopsis 
The successions studied in the Torbay Reef Complex are located within the lagoon. The 
nature of this lagoonal environment varied from locality to locality. The succession at 
Linhay Hill was probably located in the central, more restricted part of the lagoon, since it 
shows no evidence of emergence into the intertidal or supratidal zone and in many cases 
shows extremely restricted (unbioturbated, laminated mudstones) facies. The successions 
at Broadridge Wood were likely to have been located nearer to tidal flats, since there is 
evidence of intertidal deposition, with prolonged exposure in the supratidal zone at the 
base of Broadridge Wood. Rydon quarry was maybe situated closer to the lee-side of the 
reef, however, since facies are characteristic of high-energy depositional environments and 
are highly-fossiliferous. This environment was also subject to periodic elevation in the 
intertidal zone. The succession at Goodrington is younger than the other successions and 
represents deposition in the back-reef environment of the Brixham Reef. 
Back-reef facies in the Torbay Reef Complex show a pervasive metre-scale cyclicity. Two 
major types of cycle are seen. 
Type A. Cycles which show increasing salinity and decreasing circulation upward. These 
cycles have either an Amphipora-nch (S4), bioclastic (S3) or stromatoporoid-rich (S2) 
base and are capped by a fossil-poor micrite horizon (S6). Sedimentation is entirely 
subtidal in nature and cycles range from less than Im to 6m in thickness. Cycles are 
asymmetric. It is difficult to determine if these show any shallowing or deepening 
trends. 
Type B. Cycles which shallow-upwards. These are seen at both Broadridge Wood quarry 
and Rydon quarry, where the cycle has a subtidal base (commonly either S2 
stromatoporoid floatstones or Amphipora floatstones (S4)) and is then capped by 
intertidal fenestral facies. Cycle thickness ranges from 1.3m to 5.2m. There is also 
evidence for an increase in salinity and decrease in circulation upwards through the 
cycle. 
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Further discussion and possible causes of this cyclicity are discussed in Chapter 6. 
Correlation between sections in the Torquay Reef Complex is hampered by poor inland 
exposure, Variscan thrusting and folding, insubstantial stratigraphic control and lack of 
useful marker horizons to hang sections on. The development of a calcrete horizon is 
potentially a useful marker, since it records a period of lowstand of sea level. However, no 
correlative horizons of similar age have been documented in other shallow-marine facies. 
A karstic horizon has been identified within the Daddyhole Limestone (Scrutton, pers. 
comm. 1997); however, this is Eifelian in age and thus not correlative with the calcrete at 
Broadridge Wood. Fischer plots may be a useful tool in correlation and are further 
discussed in Chapter 6. 
5.2.2 Inner shelf reefal complexes 
Isolated reefal complexes which developed within the Rhenish shelf (type B2 of Krebs, 
1974) differ from other isolated complexes in several ways. A broad carbonate platform 
existed between the River Rhine and Warstein and this provided the base to these type B2 
isolated complexes (Fig. 5-12; Krebs, 1974). Inter-reef basins commonly formed between 
complexes where pelagic shales and turbidites were deposited. Many of the isolated 
complexes were fault-bounded (i.e., Balve; Krebs, 1971). Isolated complexes within the 
shelf were very variable in size and thickness (from 300m-1300m; Krebs, 1971, 1974). 
Both atoll and table reef complexes developed in the Rhenish shelf. In this study, Balve 
and Dornap Reef Complexes were studied in terms of facies and cychc analysis of lagoonal 
environments. Table 5-7 gives the locations of the studied successions whereas 



















Hahnenfurth quarry 1:50,000, Map 32, Kreis Mettmann 
r:25.7348 h:56.8018 
no log 




Domap Core Drill core in hole H2 on SE margin of 
Hahnenfurth quarry. 
no log 
Table 5-7 List of successions studied in the Balve and Dornap Reef Complexes. 
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5.2.2.1 Balve Reef Complex 
The Balve Reef Complex is situated near Iserlohn in the Sauerland area of Germany. 
Carbonate facies are preserved in the northeasterly dipping Remsheid-Altena anticline, 
which explains the present day boomerang-shaped outcrop pattern (see Figure 5-12). The 
Balve Reef Complex is in fact part of a bigger reef complex also encompassing the Hagen 
area (Krebs, 1971, 1974). Small inter-reef basins formed between the major complexes 
(i.e., Iserlohn Basin). However, this present study only examined the Balve Complex. 
Carbonate sedimentation characteristically started with Schwelm deposits which were 
richly fossiliferous in nature. Assemblages including brachiopods (stringocephalids and 
spiriferids), corals (Hexagonaria, Favosites, Heliolites) and stromatoporoids 
(Stromatopora) have been identified (Jux, 1960; Krebs, 1974). These facies are underiain 
by a 500m thick series of grey-green elastics (Jux, 1960). Deposition of Dorp facies, where 
the carbonates could be differentiated into off-reef, fore-reef, reef-core and back-reef, was 
initiated in the late Middle Devonian (Fig. 5-23; Krebs, 1971). Off-reef facies are 
characterised by thick (700-800m) accumulations of pelagic shales and reef-derived 
limestones (Eder, 1970; Krebs, 1971). In the western rim of the Balve Reef Complex, reef-
core facies consist of massive stromatoporoids (up to 50cm in diameter), solitary corals, 
crinoids and brachiopod communities. Many of these organisms show encrustation by 
stromatoporoids or algae (Krebs, 1971). 
The thickness of Dorp facies reaches over 1000m in some areas of the complex (Krebs, 
1974). As with the Attendorn Complex, the greatest thickness is at the northwestern 
margin. The Balve Complex is believed to have developed on a faulted margin (see Figure 
5-23), where uplift was greatest in the south and subsidence greatest in the north. This 
would account for the thickness-variations across the complex. The areal extent of the 
complex is difficult to ascertain. Synsedimentary faulting and volcanicity played a very 
important role in the development of the Balve Reef Complex. To the south of the 
complex in the Garbeck area, 250m of basic lavas and volcanic tuffs rest directly upon 
limestone facies. These are thought to be time-equivalent to the Schwelm facies (Krebs, 
1971) and were probably related to fault movement on the southeastern margin of the 
Balve Complex (Fig. 5-23). 
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Dorp-style sedimentation continued through to the middle Frasnian, where the ensuing 













Basalts and tuffs 
Figure 5-23 Cross-section through the Halve Reef during MiddleAJpper Devonian boundary times. 
Note vertical exaggeration. Adapted from Krebs (1971). 
Back-reef facies have been studied at just one locality at the Emil quarry, 
Oberrodinghausen, where a 98m succession was studied (Table 5-7, Section A2.18). 
Sedimentation is almost entirely subtidal in nature, and two distinct sediment packages 
have been identified (Fig. 5-24). 
The lower package is characterised by interbedded semi-restricted subtidal and restricted 
subtidal facies (0-28m). Semi-restricted subtidal facies are volumetrically subordinate, 
being characterised by small biostromal buildups or stromatoporoid floatstones 
(microfacies S2). Locally bulbous stromatoporoids are seen in life position. They are 
commonly small, averaging 6-8cm in diameter. Associated with this facies are dendroid 
stromatoporoids {Amphipora) and colonial corals. Thamnopora is particularly common. 
Interbedded with these stromatoporoid floatstones or biostromes are restricted subtidal 
facies. Both S4 and S6 microfacies are recognised. Horizons rich in Amphipora are 
particularly abundant (microfacies S4). The Amphipora branches conraionly occur in 
discrete nests (reflecting life position?), are scattered throughout the unit, or occur as bed-
parallel accumulations. Often the branches are encrusted by cyanobacteria (Girvanella). 
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Stachyodes and Thamnopora are also associated with these facies, commonly being well-
preserved. Small solitary corals are locally present also. The matrix to this facies 
commonly consists of peloidal micrite, locally being thoroughly bioturbated. Poorly 
fossihferous facies are not common until 16m, where several horizons occur through to 
28m. Bedding is usually thin and regular, with macrofossils being uncommon. Peloids are 
the major constituent of this facies, with calcispheres and parathuramminid forams playing 














Semi-restricted subtidal facies ^ = mudstone 
w = wackestone 
p - packstone 
25m gap in suctjession 
/ it\\\ 
Subtidal restricted facies 
Intertidal facies 
g = grainstone 
f = floatstone 
b = boundstone 
Unexposed 
Figure 5-24 Generalised log of Oberrddinghausen succession, Balve Reef Complex. 
This lower package reflects a period in the lagoon where circulation was generally poor 
and only organisms which were adapted to these harsh conditions were able to exist (i.e., 




The second package of sediments (28m to 98m) represents a transition into higher-energy, 
better-circulated lagoonal conditions where semi-restricted subtidal deposition prevailed 
(Fig. 5-24). Microfacies S2 dominates this part of the succession, where massive beds 
(commonly over Im thick) rich in bulbous and rare domal stromatoporoids occur. These 
stromatoporoids can reach up to 30cm in diameter, and locally increase in size through a 
unit (e.g., at 33m, see detailed log in Section A2.18). They are commonly not preserved in 
life position, where turbulent waters have dislodged and overturned them. The transport 
distance is probably not far. Thamnoporoids are locally abundant, and interstitial gaps 
house dendroid stromatoporoids and small corals. Laminar stromatoporoids are not seen. 
The matrix to this facies is commonly a mix of spar and micrite, reflecting higher-energy 
conditions. Higher in the succession crinoids become abundant. Storm-influenced horizons 
rich in Stachyodes and crinoids frequently impinged on to this back-reef environment 
(microfacies S3). The bioclasts are commonly abraded and the facies has a sparitic matrix. 
Amphipora-Tich horizons are not abundant in this second sedimentary package. 
This second sediment package represents an increase in circulation and energy of the 
depositional environment. Organisms are more diverse and reef-derived material is 
commonly interfingered in the back-reef succession. The shift in sedimentation style may 
represent a shift in the position of the reef-margin (closer to the succession at 
Oberrodinghausen) or may reflect a more 'open' intercalation in the history of the reef 
where the barrier was not providing restriction. 
Although sedimentation was almost entirely subtidal at Oberrodinghausen, Krebs (1971) 
has recognised the development of microbial laminites in other areas. A succession further 
East near Asbeck also yields intertidal and supratidal deposits (Schudack, 1993; Schudack, 
1996), suggesting this area was positioned closer to the Devonian palaeotidal flat area. 
These facies show a well-developed metre-scale cyclicity, which have been attributed to 
both to periodic fault movement (Schudack, 1993) and to orbital forcing (Schudack, 
1996). 
Cyclicity in the Oberrodinghausen succession is of type B, where cycles show a decrease in 
circulation and decrease in diversity of organisms upwards through the cycle. The cycles 
range from under Im to 6m in thickness, averaging 2.9m. This concept of cyclicity will be 
further discussed in Chapter 6. 
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5.2.2.2 Dornap Reef Complex 
The Dornap Reef Complex is probably one of the smaller complexes within the Rhenish 
Shelf, situated East of Diisseldorf in the Nordrhein-Westfalen area of Germany. Extensive 
quarrying in the past 30 years had exposed numerous outcrops of Givetian and Frasnian 
Schwelm and Dorp facies (Fig. 5-25). Many of these quarries are now inaccessible, yet 
with permission access can be gained in working quarries. The original size of the Domap 
Reef is difficult to determine. However, outcrop patterns suggest it is larger than the 
nearby Wiilfrath Reef Complex which is estimated at 17km^ (Krebs, 1974). The thickness 
of the Dorp facies reaches up to 400m (Gotthardt, 1970). Facies relationships suggest the 
original shape of the Domap Reef Complex was isolated and of type B2 (Krebs, 1974). 
The complex is underlain by Schwelm facies. The Schwelm facies can be studied at the 
Hanielsfeld quarry and can also be seen in cores taken in the Hahnenfurth quarry. In the 
Dornap area these facies are richly fossiliferous, especially in crinoids, corals (both solitary 
and colonial), laminar, branching and columnar stromatoporoids and brachiopods (Fig. 5-
26). Often the facies are argillaceous and strata are commonly poorly bedded. Interbedded 
horizons of stromatoporoid floatstones (R3 microfacies) and argillaceous mudstones (Rl 
microfacies) are common. 
Development of a reef complex probably started in the late Givetian to early Frasnian. 
Fore-reef, reef-core and back-reef facies can be differentiated (Krebs, 1974). Fore-reef 
facies are commonly composed of rudstones and grainstones, with a high content of 
Stachyodes, crinoids and brachiopods. Several generations of cement are seen and often 
bioclasts are encrusted by cyanobacteria (Krebs, 1974). Reef facies are dominated by 
tabular stromatoporoids and stromatoporoid-trapped skeletal debris (Krebs, 1974). 
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Figure 5-26 Photograph of columnar stromatoporoids withm the Schwelm fades (microfacies R3). 
Picture taken from the Dornap core at Hahnenfurth quarry. Scale bar in 1cm increments. 
Back-reef facies are volumetrically the most important in the complex and can be studied 
in the VoBbeck and Hahnenfurth quarries (Table 5-7). VoBbeck quarry is now abandoned 
and rather overgrown; however, fairly continuous logs are attainable (Fig. 5-27). 
Hahnenfurth quarry, although still working and not at all overgrown, is problematic since 
tectonism has strongly effected the strata, so much so that a log is not possible. 
Observations with regards to the facies-types are still possible though. The succession at 
VoBbeck quarry is dominated by horizons of Amphipora floatstones and bafflestones 
(microfacies S4). The Amphipora branches are commonly densely arranged as thickets, 
suggesting very httle post-mortem transportation. They are also seen in small nests. Also 
associated with the Amphipora branches are parathuramminid forams, calcispheres 
dasyclads and ostracodes. The matrix is commonly intensely peloidal. Girvanella 
commonly coats amphiporoids and this can be especially well developed in the 
Hahnenfurth quarry where a dark rim is seen around the stromatoporoids. 
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Figure 5-27 Generalised log for VoBbeck quarry, Dornap Reef Complex, showing primary facies 
groups. See Section A2.27 for detailed log. 
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Small biostromes dominated by bulbous stromatoporoids are common between 18m and 
40m in the succession (Fig. 5-27). Bedding is often massive and a rich assemblage of 
dendroid stromatoporoids (mostly amphiporoids, but also Stachyodes and others) are 
associated. Interbedded with the Amphipora facies are poorly-fossiliferous (microfacies 
S6) and fenestral (microfacies S8) horizons. The fenestral horizons are particularly 
interesting since they represent elevation into the intertidal zone in an otherwise subtidal-
dominated succession. The fenestrae in these horizons are laminoid, commonly 2mm long 
and have an internal sediment f i l l of very fine grained silty micrite. Fenestrae are commonly 
associated with poorly-fossiliferous mudstones. 
Bioclastic horizons are not common within the back-reef facies of the Dornap Reef 
Complex. Local accumulations of gastropods and bivalves are seen at the Hahnenfurth 
quarry (microfacies S5) representing restricted subtidal environments. Krebs (1974) also 
recorded local accumulations of echinoderm (crinoid) debris within back-reef 
environments. These accumulations show graded bedding and are interpreted as being 
deposited during heavy storms through reef-channels from the fore-reef or reef into the 
back-reef environment. The accumulations are not laterally continuous and have a large 
tongue-shaped geometry. These facies would be equivalent to S3a microfacies in this 
study. 
Often the facies at both VoBbeck and Hahnenfurth quarries are very dolomitised. The 
micrite is preferentially dolomitised yet the mosaic is fabric destructive. The dolomitisation 
is a common feature in the Dornap Reef Complex and often determines where quarrying is 
undertaken (see Figure 5-25; Gotthardt, 1970). Within the Dornap succession there is no 
evidence of volcanism and there is no synsedimentary faulting. 
The back-reef successions of the Dornap reef complex are dominated by low-energy, 
restricted facies. A broad evolution at VoBbeck quarry can be seen where sedimentation is 
initially restricted in nature, then between 13m to 40m there is an increased influence of 
both semi-restricted and intertidal conditions and then the deposition returns to a subtidal, 
restricted nature (Fig. 5-27). 
As with many of the Devonian back-reef successions, the succession at Domap displays 
cyclicity. The cyclicity takes two forms, which are very similar to those seen in the Torbay 
Reef Complex: 
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Type A. Cycles which show evidence of increasing salinity and decreasing circulation 
upward. Two different types can be seen: (i) Cycles which have a semi-restricted 
subtidal base (microfacies S2) and an Amphipora-rich (S4) top, or (ii) cycles which 
have stromatoporoid-rich (S2 or S4) base and are capped by a restricted subtidal fossil-
poor micrite (S6). These cycles range from 90cm to over 8m in thickness and 
sedimentation is entirely subtidal in nature. 
Type B. Cycles which shallow-upwards. These are not so common as Cycle-type A and 
are mostly seen in the middle of the succession. The cycle has a subtidal semi-restricted 
base (S2 stromatoporoid floatstones), is followed by an Amphipora-hch horizon (S4) 
and is then capped by intertidal fenestral facies (S8). Cycle thickness is on average 4m-
5m. There is also an increase in salinity and decrease in circulation upwards through the 
cycle. 
The generation of these cycles is further discussed in Chapter 6. 
5.2.3 Trough reefal complexes 
Isolated carbonate complexes which developed within the trough are the smallest of the 
2 
three types. Elbingerode was probably the biggest, reaching approximately 44km (after 
equilibrating for 33% shortening of the Variscan tectonism; Krebs, 1974). These type A 
complexes are associated with extensive volcanics of basaltic nature. The volcanics 
commonly formed the base upon which reefs developed. Therefore, volcanicity before and 
during reef-growth had an important control on sedimentation. Carbonate complexes were 
surrounded by basinal sediments. The Langenaubach Reef Complex is the only type A 
complex examined for this study. Table 5-8 locates the studied section and Sections 
Al.2.16 and A2.16 present thin-section data and detailed logs. 
Reef Complex Name of 
succession 






1:50,000, Map 1, Neuauflage 
Quarry 0.7km NW of Erdbach, on road 
L3042 (no co-ordinates available) 
34.4m 
(Section A2.16) 
Table 5-8 Location of the studied succession in the Langenaubach Reef Complex. 
5.2.3.1 Langenaubach Reef Complex 
The Langenaubach Reef Complex is situated in the southwest part of the Dill Syncline, in 
the Lahn-Dill region of Germany (Fig. 5-12). Krebs (1966) first documented the facies 
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variations seen in the Frasnian Iberg Limestone, where fore-reef, reef-core and back-reef 
facies could be differentiated. Subsequent severe Variscan tectonic dislocation hampered 
palaeogeographic reconstruction; however, the association of facies attested to the isolated 
nature of the complex (Fig. 5-28). The Langenaubach Reef Complex falls into the type A 
category of Krebs (1974) in that it was constructed upon a volcanic submarine rise within 
the Rhenish trough. The complex was surrounded on all sides by basinal sediments (Krebs, 
1974). Carbonate sedimentation was initiated at the Pol. asymmetricus conodont zone and 
continued through to the upper Pa. gigas zone (Krebs, 1966; see Figure 2-1 for 
stratigraphic column). Tuffs are intercalated with the carbonate sediments and volcanic 
outpourings were common in the surrounding basinal sediments (Krebs 1966). Regional 
subsidence led to the death of the reefs and typical 'becken' and 'schwellen' sedimentation . 
prevailed. The size of the complex has not been estimated, since Tertiary sediments cover 
much of the western part of the complex. Using the outcrop pattern of Krebs (1966) and 
assuming 33% shortening by Variscan tectonics, a guestimate of 20km^ can be made. The 
thickness is in excess of 200m (Krebs, 1966). 
Back-reef facies were examined in one section at the large working quarry 2km southeast 
of Medenbach (Table 5-8). Here strata are dipping 047/30NW where the quarry exposes 
both reef-core and back-reef facies. The logged succession is dominated by Amphipora 
floatstones and bafflestones (microfacies S4) with rare interbeds of poorly fossiliferous 
mud-wackestones (see Sections Al.2.16 and A2.16). Commonly the Amphipora branches 
are nested, suggesting little or no post-mortem transportation. Microfossils and floras are 
locally abundant including Renalcis (see Figure 3-9d), ostracodes, forams and 
calcispheres. Solitary corals, Stachyodes, crinoids and overturned small bulbous 
stromatoporoids are locally present, though not abundant. Sedimentation is entirely 
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Figure 5-28 Generalised facies map showing the distribution of Devonian reef facies in the 
Langenaubach-Breitscheid Reef Complex. Map modified from Krebs (1966). 
Although sedimentation at Medenbach is low-energy, subtidal and highly restricted in 
nature, Krebs (1966) noted the presence of several fenestral, stromatolitic and laminated 
horizons in a nearby exposure at Erdbach. This clearly suggests the development of tidal 
flats, yet it is not apparent how laterally or vertically persistent these flats were. Thus, 
Medenbach was probably situated in the more central, restricted, ?deeper part of the 
lagoon whereas Erdbach was in a shallower tidal-flat location (Fig. 5-28). Local bioclastic 
horizons consisting mainly of crinoid debris are also present in the immediate back-reef 
environment, representing impersistent ?storm-derived accumulations (Krebs, 1966). 
The succession at Medenbach does not obviously show any cyclic component; however, 
the development of interbedded intertidal and supratidal deposits nearby would implicate 




Figure 5-29 summarises the key features identified in the isolated carbonate complexes. 
Comparisons can be made between the complexes which developed in differing 
palaeosettings. 
Shelf-edge reef complexes are always developed upon ramp facies, they generally show the 
thickest facies and are some of the largest isolated complexes in the study area. Lagoonal 
facies are highly variable, with semi-restricted through to supratidal facies recorded. 
Metre-scale cyclicity is well developed and there is evidence for synsedimentary faulting 
and volcanism. 
Inner-shelf reef complexes also develop upon ramp and bank carbonate facies, yet their 
sizes and thicknesses are variable. Lagoonal facies are generally subtidal in nature; 
however, this may reflect the position of the logged succession being in the deeper parts of 
the central lagoon rather than on the tidal flats. Therefore the apparent lack of tidal-flat 
facies may just reflect poor outcrop exposure. Cyclicity is developed, yet is mostiy subtidal 
in nature. Synsedimentary faulting is interpreted in the Balve Reef Complex, yet not in the 
Domap Reef Complex. 
The isolated reef complexes developed in the trough are the smallest seen in the study area 
and are also the thinnest. The complexes develop on basalts and their initiation, growth 
and demise are controlled by these volcanic outpourings. Lagoonal deposition is 
dominantly subtidal, yet this may reflect lack of outcrop in the palaeotidal-flat 
environment. Cycles are much thicker than in the other complexes and are entirely subtidal 
in nature. 
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Middle and Upper Devonian relative sea-level fluctuations 
6. Middle and Upper Devonian relative sea-level fluctuations 
6.1 Controls on carbonate deposition 
The production, distribution and deposition of shallow-water carbonates depend on the 
complex interaction of several external and intemal controls. These principles governing 
carbonate sedimentation have been extensively discussed by Schlager (1992), Sarg (1988), 
Handford and Loucks (1994) and Crevello et al. (1989), and will therefore only be briefly 
reviewed in this Chapter. 
The location and large-scale architecture of a carbonate platform depends fundamentally 
upon three factors: climate, geotectonics and sea level (Sarg, 1988; Tucker and Wright, 
1992). Modern day coral reefs are spatially Hmited to 20° north and south of the equator, 
since their growth is controlled by minimum winter temperatures (Fig. 6-1; Schlager, 
1992). Indeed corals and green algae, the major contributors to modem shallow-water 
carbonates, can only exist in tropical waters 35° either side of the equator (Schlager, 1992; 
Tucker and Wright, 1992). However, it is not true to say that all carbonate accumulations 
are limited to these latitudes since temperate carbonates (consisting chiefly of benthic 
forams and molluscs) are now known to be widely distributed at higher latitudes in both 
the past and present (James and Clark, 1997). The tectonic setting controls the style of 
carbonate deposition, where rimmed shelf, ramp, epeiric platform and isolated platform 
can be differentiated. Tectonics also has a strong influence on the degree of clastic input 
into a basin, which intrinsically hinders carbonate deposition. Relative sea level is strongly 
affected by the global proportion of glacial ice and ocean water, amongst other factors, 
and is therefore also related to climate and tectonics. The thickest and most widespread 
carbonate accumulations are deposited in times of highstand (Tucker and Wright, 1992). 
Tectonics, climate and sea level have a strong influence on the location and geometry of a 
carbonate platform, yet the physiochemistry of the oceanic environment will determine the 
rates and styles of carbonate growth and production. Carbonate rocks are essentially 
produced in situ, differing fundamentally from siliciclastic sediments which are derived 
from an external source. Therefore, the ability of a carbonate platform to develop depends 
largely on the organisms contributing to the sediment. Many carbonate secreting organisms 
are photosynthetic or have a symbiotic relationship with photosynthetic organisms and are 
therefore highly sensitive to light intensity, water depth, temperature, nutrient supply. 
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salinity, turbulence and clastic influx. Many of these organisms enjoy nutrient-poor, clear, 






O Coral reefs 
H 20° isotherm 
Figure 6-1 Distribution of recent coral reefs (after Schlager, 1992). 
Most organic productivity takes place in less than 10-15m of water, an environment 
known as the 'carbonate factory' (Tucker and Wright, 1992). Below the photic zone' 
carbonate productivity drastically decreases, since photosynthetic organisms cannot 
survive. This water depth usually lies between 50m to 120m (Schlager, 1992). Many 
physiochemical factors also inhibit carbonate productivity. For example a large proportion 
of the carbonate-secreting organisms, such as corals, are stenohaline, surviving only in 
normal marine waters (30-40%o salinity). Brackish or hypersaline lagoons are not inhabited 
by such a diverse array of organisms, yet those euryhaline faunas and floras (in particular 
green algae) which have found a niche in those environments are locally present in great 
abundance. Turbid waters, where there is either an input of siliciclastics (especially clays) 
or where lime mud is in suspension, hinders the production of carbonate, since it decreases 
the amount of light penetrating the water column and therefore discourages the growth of 
photosynthetic organisms (Tucker and Wright, 1992). An influx of nutrients, either by way 
of elastics or oceanic upwelling, can also dramatically reduce the productivity of a 
carbonate system. An increase in nutrients will promote the growth of green algae and 
bacteria which in turn reduces light intensity and increases bioerosion of the carbonate 
' The base of the photic zone is defined by biologists as the level where oxygen production by 
photosynthesisors and oxygen consumption by respiration are in balance (Schlager, 1992). 
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system. This will eventually cause carbonate productivity to deteriorate. Water energy has 
an important impact on carbonate production since many organisms are adapted to specific 
energy regimes. For example, many of the reef-building organisms are well adapted to 
turbulent high-energy waters, accounting for the location of reefs along the margins of 
shelves. 
Since the production of carbonate is so intrinsically related to internal forces of the oceanic 
realm, the 'growth potential' or sedimentation rate across a platform varies (Schlager, 
1992). The growth potential along a rim of a platform, where accumulation rates of up to 
2.3m/1000yr have been recorded in modem systems (Tucker and Wright, 1992), is 
significantly higher than that of a lagoon. Sedimentation rates in lagoonal environments 
only reach 0.1m to 0.5m/1000yr. This may lead to an 'empty bucket' scenario where 
carbonate production at the shelf margin paces a relative sea-level rise, raising the height 
of the rim and thus leaving the lagoon empty (Schlager, 1992). Ramp carbonates do not 
show the same marked growth differential, but do exhibit a decrease in productivity along 
the ramp profile as water depths increase towards the basin. 
Net sedimentation rates in the Devonian would appear to have been lower compared to 
modem-day systems. This is not surprising, since it is difficult to calculate accurately the 
effects of compaction (especially if the overburden has later been eroded away), and the 
amount of time lost through exposure surfaces is also difficult to assess. Yang et al. (1995) 
analysed a Middle and Upper Devonian peritidal carbonate succession in Califomia and 
calculated that subtidal shallow shelf sedimentation had an average rate of 0.28m/lOOOyr; 
intertidal deposits were deposited at 0.16-0.19m/lOOOyr and supratidal deposition was at a 
significantly slower rate of 0.06m/lOOOyr. 
6.2 Carbonate response to relative sea-level fluctuations 
The thickness of a succession and style of sedimentation record the intimate relationship 
between carbonate production rates, tectonic change and eustatic sea-level change. The 
sum of tectonic rates (either uplift or subsidence) and rates of change in eustasy result in a 
relative sea-level change. The accommodation space provided by the change in relative 
sea level represents the accumulation potential of the carbonate sequence (Sarg, 1988). 
The response of carbonate production to the creation of accommodation space will 
determine whether the carbonate system keeps-up, catches-up, or gives-up (sensu Kendall 
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and Schlager, 1981; Sarg, 1988; Soreghan and Dickinson, 1994) and thus dictates the 
facies distribution, overall thickness of the carbonate sequence and the geometry of the 
carbonate platform. 
Since modem-day accumulation rates for shallow-water carbonates average Im/lOOOyr, 
sedimentation should be able to keep up with both passive margin subsidence (averaging 
0.01-0.Im/lOOOyr) and long-term eustatic sea-level changes (brought about by plate-
tectonic derived ocean-basin fluctuations, averaging O.Olm/lOOOyr; Tucker and Wright, 
1992). However, fault-induced subsidence or sea-level rise related to glacial melting can 
produce rapid rates of relative sea-level change which carbonate production may not be 
able to pace. In these scenarios the carbonate platform will be temporarily flooded so that 
deeper-water sediments will directly overlie shallow-water facies. So long as the amplitude 
of base-level fall is not large enough to submerge the platform top below the photic zone, 
carbonate productivity should continue. Following a transgressive pulse there is a lag time 
whilst carbonate production resumes to its normal rate (Read et al., 1986). It has been 
postulated that this lag-time occurs because the carbonate factory cannot go into fuU 
production until sea level has risen enough to allow sufficient circulation (Handford and 
Loucks, 1994). For the Holocene this lag time was in the order of 2000-5000 years 
(Schlager, 1991). 
Rapid falls in relative sea level will lead to widespread exposure of the carbonate platform. 
During this lowstand period the areal extent of the platform which is still in the subtidal 
photic zone will be decreased, since much of the platform will be experiencing subaerial 
exposure. The only carbonate-producing areas in shelf settings will be the slopes 
immediately seaward of the shelf margin, where the amount of sediment produced is 
gradient-related (Handford and Loucks, 1994). Thus carbonate production rates are 
commonly at their lowest during rapid relative sea-level drops. 
6.3 Parasequences 
Parasequences are defined by Van Wagoner (1985) as 'a relatively conformable succession 
of genetically related beds or bedsets bounded by marine flooding surfaces and their 
correlative surfaces'. The term 'small-scale cycle' is used synonymously with parasequence. 
A marine flooding surface is a surface which separates younger strata from older, across 
which there is evidence of an abrupt increase in water depth (Van Wagoner et al., 1988). 
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The use of the term marine, however, can sometimes be rather misleading, since these 
flooding surfaces can also occur in environments which are not fully marine (such as 
restricted platform interiors/lagoons). Parasequences commonly show a shallowing-
upward or regressive trend; however, during the flooding event transgressive facies 
(commonly lags) can be deposited, giving rise to a transgressive-regressive parasequence 
(Amott, 1995). Parasequence thickness can range from less than Im to lO's of metres, 
depending upon the amount of accommodation space available, the magnitude of the 
relative sea-level increase, carbonate accumulation rate and the mechanism producing the 
sea-level fluctuation. This is further discussed in Sections 6.6 and 6.7. Soreghan and 
Dickinson (1994) identified five major cycle- (or parasequence-) types, which have been 
summarised in Table 6-1. Keep-up cycles tend to be aggradational, whereas catch-up and 
catch-down cycles are progradational. Give-up cycles are aggradational to retrogradational 
and only record deep water facies. 
C Y C L E - T Y P E 
Keep-up 
SCHEMATIC 
L O G 
Deeper 
CHARACTERISTICS 
Carbonate production = creation of accommodation space. 
Cycles record maximum accommodation 'thickness complete'. 
Cycles are dominantly aggradational 'facies incomplete'. 
Cycles dominated by shallow-water facies. 
Catch-up Carbonate production initially < creation of accommodation space, 
but progressively overtakes sea level at highstand. 
Cycles record maximum accommodation ^ 'thickness complete". 
Cycles are progradational 'facies complete'. 
Deep-water to shallow-water facies present. 
Catch-down 
(foreshortened) 
Carbonate production initially < creation of accommodation space. 
Sea-level fall occurs rapidly enough to force but not eliminate 
progradation. Condensed set of progradational facies. 
Cycles do not record maximum accommodation 'thickness 
incomplete'. 




Carbonate production initially < creation of accommodation space. 
Sea-level fall occurs rapidly enough to stop progradation. Exposure 
surfaces or shallow-water facies directly upon subtidal facies. 
Cycles do not record maximum accommodation ^ 'thickness 
incomplete'. 
Cycles are thwarted"» 'facies incomplete'. 
Give-up Carbonate production < creation of accommodation space. 
Limited aggradation, but all facies are subtidal 
Cycles do not record maximum accommodation 'thickness 
incomplete'. 
Cycles are thwarted «* 'fades incomplete'. 
Table 6-1 Schematic representations of 5 major cycle-types, including schematic palaeobathymetric 
charts and characteristics of cycles. Reproduced from Soreghan and Dickinson (1994). 
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A parasequence set is a succession of genetically-related parasequences which form a 
distinctive stacking pattern that is bounded, in many cases, by major flooding surfaces 
(Van Wagoner, 1985). Stacking pattems of parasequences in parasequence sets can be 
progradational, aggradational or retrogradational depending upon the rate of creation of 
accommodation space and the ability of the carbonate factory to pace this creation (Fig. 6-
2). Assuming the mechanism creating parasequences is not autocyclic, progradational 
stacking pattems, where there is a thinning-upward trend of paraseqeunce thickness and 
intertidal facies dominate over subtidal facies, will develop during a relative fall in sea 
level. This reflects the reduction of accommodation space produced by the long term sea-
level fall. Retrogradational stacking pattems are commonly developed during transgression 
and are characterised by thickening-upward parasequences which are progressively 
dominated by subtidal deposition. Aggradational stacking pattems, where cycles are more-
or-less of the same thickness, are commonly developed when long-term relative sea level is 
stationary. These can be developed either during highstands or lowstands of sea level; 




stacki ng pattern 








m w p g b 
T 
Shelf-margin facies Subtidal lagoonal Intertidal-supra tidal Exposure Parasequence 
(oolitic banks/reefs) facies facies surface 
Figure 6-2 Three styles of parasequence stacking pattems, with their generalised facies associations. 
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6.4 Parasequence stacking patterns and Fischer plots 
The vertical stacking pattem of parasequences (i.e., whether they show an aggradational, 
progradational or retrogradational trend) are most likely controlled by long-term changes 
in accommodation space and therefore provide a critical link between individual cycles, the 
large-scale depositional sequences, and their component systems tracts (Goldhammer et 
al., 1990; Montanez and Osleger, 1994). Parasequence stacking pattems are comparable 
to 'parasequence sets' of the sequence stratigraphic terminology of Van Wagoner et al. 
(1988). 
The study of parasequence stacking pattems has been proven in the past as a very 
powerful correlation tool (i.e., Cambrian cycles of the Appalachians, Osleger and Read, 
1991; Ordovician carbonates of USA, Sadler et al., 1993, Montanez and Osleger, 1994; 
Devonian cycles of Nevada USA, Elrick, 1995, to name but a few). The use of stacking 
patterns for correlation is particularly important where poor exposure hinders the lateral 
tracing of individual cycles, such as in the present study area. 
Fischer plots are a popular tool in cycle stratigraphy as an aid to graphically illustrating 
deviations from average cycle thickness (Fischer, 1964; Sadler et al., 1993). The graph 
plots 'cumulative departure from mean thickness' against 'cycle number', so that thicker-
than-average cycles enter the plot with a positive slope and thinner-than-average cycles 
enter the plot with a negative slope (Fig. 6-3a). This provides an objective plot of cycle-
thickness variation. 
The interpretation of these thickness variations can, however, be subjective (Sadler et al., 
1993). I f cycles are assumed to be eustatic in origin, Fischer plots are interpreted as 
mimicking long-term sea-level histories. Retrogradational stacking pattems (thicker-than-
average cycle trends) develop in the transgressive systems tract and thus plot on the rising 
limb of the Fischer plot. Progradational stacking patters are developed in the late highstand 
and thus plot on the falling limb of the plot (Fig 6-3b). The Fischer plot technique helps 
interpret cyclic successions in terms of sequence stratigraphy, especially where large-scale 
architectures such as onlap and downlap are difficult to interpret at outcrop scale. 
Chapter 6 • 220 











average cycles Long-term 
relative sea-level 
• Cycle number 
individual 
paiasequence 
b) Cycles similar 
thickness 
(aggradational) 
Figure 6-3 a) Characteristics of a Fischer plot. Cycle number is plotted against cumulative departure 
from mean thickness, so as to gain an objective visualisation of cycle-stacking patterns (adapted from 
Sadler et al, 1993). b) Synthetic Fischer plot showing how stacking patterns can be related to long-
term sea-level history. 
Limitations to this technique, however, must also be recognised if interpretations are to be 
vahd. Sadler et al. (1993) cautioned that Fischer plots of less than 50 cycles may not 
ensure a robust estimate of average cycle-thickness, and therefore produce an insubstantial 
plot, especially when it is intended to apply a statistical analysis. When dealing with 
intertidal and supratidal facies, 'missed beats' may occur where oscillations in relative sea 
level have not been recorded in the sedimentary strata through emergence, and therefore 
the complete cycle history has not been recorded. Fischer plots will also inevitably pick up 
'noise' where autocyclic processes such as tidal flat progradation, or indeed periodic 
faulting, overprints a eustatic signature. Ideally, Fischer plots should only be used with 
cycles which show full regression to intertidal-supratidal facies, since it is only then that 
one can be sure that accommodation space has been completely filled, and that the Fischer 
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plot gives a long term trend in relative sea-level change. Using Fischer plots for subtidal 
cycles means that the plot may not necessarily reflect the flill amount of accommodation 
space available. However, many studies in the past decade (e.g., Osleger and Read, 1991; 
Osleger, 1991; Jennette and Pry or, 1993; Elrick, 1995) have used Fischer plots with 
subtidal cycles successfully, and in many cases clear correlations to the up-dip peritidal 
cycles can be made. Therefore, this tool should not be dismissed because cycles are 
subtidal in nature; however, the implications of what the Fischer plot means in terms of 
accommodation space should be understood beforehand. Finally, Montaiiez and Osleger 
(1994) noted that the plots are not corrected for isostatic response to sediment and water 
loading. 
With all of these cautions aside, Fischer plots are still extremely useful for comparing 
successions and for assessing variation in long-term sea level. 
6.5 Metre-scale cyclicity in the Devonian 
Chapter 5 and Table 5-2 in particular briefly discussed the cycle-types present in the study 
area. Sections 6.5.1 to 6.8 will expand on these initial findings, discussing the different 
types of cycle, their vertical stacking patterns, Fischer plots, relation to a longer-term sea-
level history and the mechanisms causing the cyclicity. Appendix 3 tabulates all cycle 
thickness information presented in the study. 
In the Devonian successions, cyclicity was determined by assessing the vertical stacking of 
facies in the successions. The well-established definition of a cycle being 'bounded at the 
base by a flooding surface where there is evidence of an abrupt increase in water depth' is 
sometimes a little difficult to apply to the Devonian shelf facies, since variations in water 
depth are locally difficult to establish. Therefore, in this study, the base of a cycle was 
identified by the initial backstepping of a less restricted facies over a more restricted facies. 
It is interpreted, however, that less-restricted facies do represent an increase in water 
depth since there will be a more diverse faunal assemblage and an increased circulation in 
the lagoon when sea level is high and the lagoon is 'open'. As relative sea level falls, the 
lagoon may be influenced less by marine waters and restricted facies will be deposited. 
Using these principles cycles can therefore either be transgressive-regressive, or wholly 
regressive, depending upon the rate of relative sea-level rise and the ability of carbonate 
production to pace the increase in creation of accommodation space. 
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The development of a particular cycle depends on a number of interrelated factors. The 
most important is the amount of accommodation space available for sediment to fill, which 
in turn is fundamentally controlled by rate of relative sea-level change. Therefore, the 
longer-term relative sea-level history will also have a substantial influence on cycle type 
(see Figure 6-2). The positioning of a succession within the carbonate platform will also 
have some control on the consequent cycle type, since successions which are located on 
the palaeotidal flats will more likely record intertidal and supratidal facies, and commonly 
emergence. In deeper-water successions relative sea-level oscillations may have occurred 
too far above the sediment surface to cause a distinct change in facies and therefore 
cyclicity is not recorded. 
To recap Table 5-2, three major groups of cycle-type have been established in the study 
area. Type A and Type B cycles are associated with shelf successions. Type A cycles show 
evidence for a decrease in circulation, decrease in diversity of organisms and increase in 
fluctuation of salinity upward through the cycle. It is difficult to determine if there is a 
shallowing-upward component to these cycles. Type A cycles are entirely subtidal in 
nature. Type B cycles distinctiy shallow-upwards. These cycles also show a decrease in 
diversity of organisms and increase in fluctuation of salinity, up through the cycle. Type C 
cycles are associated with ramp facies and generally show shallowing-upward trends. This 
is often also accompanied by an increase in spar content and increase in abrasion of 
bioclasts. 
6.5.1 Type A cycles 
Type A cycles are entirely subtidal in nature and can be subdivided into three groups 
(Table 6-2). 
Type Al cycles 
Type A l cycles include both semi-restricted subtidal and restricted subtidal microfacies 
(Fig. 6-4). There are several permutations of this cycle (Table 6-2). For example, the cycle 
could have a stromatoporoid floatstone microfacies (S2) at its base, followed by an 
Amphipora-hch unit (microfacies S4), then capped by a fossil-poor horizon (microfacies 
S6). Alternatively the base could be a stromatoporoid floatstone (S2), directiy capped by a 
microfossil-poor horizon (S6). These cycles show a decrease in circulation, decrease in 
diversity of organisms and increase in fluctuation of salinity upwards through the cycle. It 
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is unclear if there is an associated shallowing. The cycles are broadly regressive in natuie 
and are similar to the aggradational (keep-up) cycles of Soreghan and Dickinson (1994) 
where the cycle is not able to prograde fiiUy into intertidal-supratidal facies. Sedimentation 
was unable to pace the initial rise in relative sea level since facies were not deposited 
during the deepening event. 
Cycles can also be transgressive-regressive, where facies record the rise in relative sea 
level. This results in a more symmetiical cycle style; for example, where the cycle has a 
fossil-poor base (S6), overlain by a stromatoporoid floatstone (S2), then an Amphipora-
rich horizon (S4), finally capped by another fossil-poor horizon (S7) (Fig. 6-4). A l cycles 
range m thickness from less than 0.5m to 8.4m, averaging 2.2m. They are by far the most 
common cycle-type throughout the Devonian shelf lagoon successions, and a total of 124 
cycles were recorded. 
A l cycle, facies permutations 
, (base "* top of cycle) 
A2 cycle, facies permutations 
(base '^1* top of cycle) 
A3, cycle facies permutations 
(base top of cycle) J M 
S2-S4 S4-S2-S6 S4-S5 S2-S3 
S2-S5 S4-S3-S4 S4-S6 S3-S2-S3 
S2-S6 S4-S2-S6 S4-S7 
S2-S7 S6-S2-S6 S5-S6 
S3-S4 S6-S3-S6 S5-S7 
S3-S5 S3-S2-S3-S4 S6-S7 
S3-S6 S4-S2-S4-S6 S4-S5-S6 
S2-S3-S4 S4-S2-S4-S7 S4-S6-S7 
S2-S4-S6 S5-S4-S3-S6 S5-S4-S6 
S2-S4-S7 S6-S2-S6-S7 S5-S6-S7 
S2-S5-S6 S6-S4-S2-S4 S6-S4-S6 
S2-S6-S7 S6-S4-S2-S6 S6-S4-S7 
S3-S2-S4 S6-S4-S2-S7 S6-S5-S6 
S3-S2-S6 S4-S3-S2-S3-S7 S6-S4-S6-S7 
S3-S6-S3 S6-S4-S2-S6-S7 S6-S4-S5-S6 
S4-S2-S4 S6-S5-S4-S6 
Table 6-2 Microfacies permutations in type A cycles. Cycles are either transgressive-regressive, or 
wholly regressive. Refer to Chapter 4 for microfacies descriptions. 
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Type A2 cycles 
Type A2 cycles record facies variations within the restricted subtidal depositional 
environment. Table 6-2 records the different facies-permutations within the cycle group; 
however, the most common A2 cycle has an Amphipora-rich horizon (S4) at the base and 
is capped by a fossil-poor horizon (S6 microfacies) (Fig. 6-4). Type A2 cycles show a 
decrease in fauna! diversity upwards through the cycle, synonymous with a probable 
decrease in salinity. The facies variations may reflect a progressive closure of the lagoon, 
where the circulation became more restricted and salinities more fluctuating. As with A l -
type cycles, type A2 cycles are broadly similar to keep-up cycles of Soreghan and 
Dickinson (1994). 
Some A2 cycles also show a transgressive-regressive trend (Table 6-2), as sediments were 
deposited in the relative rise in sea level. A2 cycle thickness ranges dramatically from 0.2m 
to over 14m, averaging 2.22m. A2 cycles are relatively common, with 81 cycles being 
identified in the studied successions. 
Type A3 cycles 
Type A3 cycles are relatively rare in the Devonian successions, mostiy occurring in the 
isolated platforms. Type A3 records cyclicity within the semi-restricted subtidal 
depositional environment. Cycles are mostiy asymmetrical, with a stromatoporoid 
floatstone (S2) at the base, and then capped by either Stringocephalus-rich facies or 
Stachyodes grainstones (S3 microfacies). Therefore, type A3 cycles record increasing 
energy upwards through the cycle. Type A3 cycles are rarely symmetrical. Cycle thickness 
ranges from 0.9m to 5.8m, averaging 3.1m. 
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Figure 6-4 Schematic representations of type A cycles. 
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6.5.2 Type B cycles 
Type B cycles shallow-upwards from base to top. They can be subdivided into five groups 
(Table 6-3). 
B l cycle. B2 cycle, B3 cycle, facies B4 cycle, facies B5 cycle, ^ 
facies facies permutations permutations facies H 
permutations permutations (base top of cycle) (base top of cycle) permutations 
(base •'<*• top of (base ««*• top of (base t o ^ n 
..cycle) cycle) ofcvcle) S 
S2-S8 S4-S8 S2-S12 S4-S12 S8-S11-S12 
S3-S8 S6-S8 S3-S12 S5-S13 
S2-S4-S8 S6-S10 S2-S6-S12 S6-S11 
S2-S6-S8 S7-S8 S2-S8-S11 S6-S12 
S2-S6-S10 S7-S10 S2-S8-S12 S6-S14 
S3-S5-S8 S4-S6-S8 S2-S10-S11 S4-S6-S12 
S4-S2-S8 S4-S6-S10 S3-S6-S12 S6-S4-S12 
S6-S2-S8 S4-S8-S10 S4-S2-S12 S6-S7-S12 
S1-S2-S3-S9 S5-S6-S8 S6-S2-S12 S6-S7-S14 
S2-S3-S8-S10 S5-S6-S10 S6-S2-S13 S6-S8-S12 
S2-S4-S6-S8 S6-S4-S8 S2-S4-S6-S12 S8-S6-S12 
S4-S2-S4-S8 S7-S6-S8 S2-S4-S6-S13 S12-S4-S12 
S4-S2-S6-S8 S8-S4-S8 S2-S6-S7-S12 S4-S5-S8-S13 
S8-S4-S2-S8 S8-S6-S8 S2-S6-S8-S11 S5-S4-S6-S12 
S4-S5-S6-S8 S2-S6-S11-S12 S6-S4-S6-S12 
S6-S4-S6-S8 S4-S3-S6-S12 S6-S8-S10-S12 






Table 6-3 Microfacies permutations in type B cycles. Cycles are either transgressive-regre^ve, or 
wholly regressive. Refer to Chapter 4 for microfacies descriptions. 
Type Bl cycles 
Type B l cycles show shallowing from semi-restricted subtidal facies to an intertidal cap. 
Shallowing is accompanied by a decrease in diversity of organisms and increase in 
fluctuating salinity. There are several styles of facies organisation in B l cycles (Table 6-3). 
For example, the base of the cycle may have a stromatoporoid floatstone base (S2 
microfacies), followed by an Amphipora floatstone (S4), then a fossil-poor unit (S6), 
capped finally by a horizon rich in fenestrae (S8 microfacies) (Fig. 6-5). This cycle-style is 
asymmetrical and wholly regressive. Alternatively, cycles can be transgressive-regressive, 
where the rise m relative sea level was slow enough to allow sedimentation to continue. 
These cycles are typified by restricted subtidal facies at the base (either S4 Amphipora 
floatstones of S6 fossil-poor mudstones-wackestones), which further transgress into semi-
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restricted subtidal facies (S2) and then show progressive shallowing back into restricted 
subtidal then intertidal facies. 
Since type B1 cycles show evidence for shallowing upwards, they can be compared to the 
catch-up cycles of Soreghan and Dickinson (1994). Rare cycles, for example those which 
have semi-restricted subtidal bases, with intertidal deposits lying directly upon them (i.e., 
no restricted subtidal facies) typify the catch-down (truncated) cycles of Soreghan and 
Dickinson (1994), where there has essentially been a forced regression (sensu Posamentier 
etai, 1992). 
Type B l cycles are not very common, with only 22 examples being recorded. Cycle 
thickness ranges from 0.3m to 5.7m, averaging 2.7m. 
Type B2 cycles 
Type B2 cycles show shallowing from restricted subtidal facies through to intertidal facies. 
Shallowing is accompanied by a decrease in diversity of organisms and increase in 
fluctuating salinity. Cycles are mainly regressive, with the most common cycle-type having 
an Amphipora-rich base (S4), followed by a fossil-poor horizon (S6), and capped either by 
a fenestral mudstone (S8), fenestral laminite (SIO), or both (Fig. 6-5). Type B2 cycles are 
not fully progradational since semi-restricted facies are not recorded. This may be because 
the sea-level rise was not large enough to invoke well-circulated waters in the lagoon, or 
that the transgressive pulse was too quick for sedimentation to keep up. B2 cycles are 
common in the logged successions, with 44 cycles being documented. Cycle thickness 
ranges from 0.1m to 6.2m, averaging 2.1m. 
Type B3 cycles 
Type B3 cycles show complete shallowing from a semi-restricted subtidal base, through to 
a high intertidal-supratidal cap (Fig. 6-6). The most common B cycle has a stromatoporoid 
floatstone base (S2), followed by an Amphipora-rich horizon (S4), then a fossil-poor unit 
(S6) and capped by a microbial laminite (S12) or dolomudstone (SI3). Rarely, a 
transgressive lag (microfacies SI) or erosional surface is present at the base of the cycle 
(Fig. 6-5). Cycles are mostly regressive, yet transgressive-regressive cycles are not 
uncommon. These cycle-types occur where the rise in relative sea level is slow enough so 
that sedimentation is able to pace the creation of accommodation space. Table 6-3 
documents the different facies permutations seen in type B2 cycles. 
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Figure 6-5 Schematic representations of type B cycles. 
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Type B3 cycles can be compared to the catch-up cycles of Soreghan and Dickinson 
(1994), in which sedimentation initially lags behind creation of accommodation space, but 
progressively overtakes sea level at highstand. The resultant cycle is both facies complete 
and thickness complete, being fully progradational units. It is also true to say that some 
cycles in the B2 category also show catch-down (both foreshortened and truncated; see 
Table 6-1), where high intertidal-supratidal facies dktctly overlie semi-restricted subtidal 
facies, omitting restricted subtidal and low intertidal facies. These cycles probably 
developed in response to a forced regression. 
Type B3 cycles are relatively common, with 41 cycles being identified. These cycles are 
distributed mainly within the broad shelf lagoon. Cycle thickness ranges from 0.2m to over 
9m, averaging 2.1m. 
Type B4 cycles 
B4 cycles show evidence for shallowing from restricted subtidal facies through to high 
intertidal-supratidal facies (Fig. 6-5). This regression is also accompanied by a decrease in 
faunal diversity and an increase in fluctuating salinities, reflecting the progressive closure 
of the lagoon and fall in relative sea level. Cycles can be both regressive, and transgressive-
regressive, depending upon the ability of carbonate production to pace the rise in sea level 
(Table 6-3). The most abundant B4 cycle has a fossil-poor unit (S6 microfacies) at the 
base and is capped by a microbial laminite (S12). Other supratidal facies, including 
dolomudstones (SI3) and calcretes (S14), form the caps to type B4 cycles. 
As with type B2 cycles, B4 cycles do not reflect a 'complete' regressive cycle, since semi-
restricted facies were not deposited at the base. This suggests that either the rise in relative 
sea level was not of a high enough magnitude to increase the circulation of the lagoon, or 
that the rise in relative sea level was so quick that carbonate sedimentation could not pace 
it. 
Type B4 cycles are substantially thinner than most of the other cycle-types. Cycle 
thickness ranges from 0.2m to 4.7m, averaging only 1.3m. B4 cycles are most common in 
the broad shelf lagoon, rather than in the isolated platforms. 
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Figure 6-6 Photographs of B3 cycle-types. Cycles are 'complete', having a semi-restricted subtidal 
base, followed by a restricted subtidal horizon and capped by a microbial laminite. Photograph A is 
taken at Bleiwasche quarry, Brilon Reef Complex; photograph B is taken at Walhdm Section 1, 
Aachen, Germany. Hammer is 42cm long for scale. 
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Type B5 cycles 
Type B5 cycles are extremely rare, only being identified in one succession in the shelf 
lagoon. The base is characterised by a fenestral mudstone (S8 microfacies), followed by an 
intraclast horizon (S l l ) and is capped by a microbial laminite (S12). The cycle is 0.2m 
thick and regressive (Fig. 6-5). 
6.5.3 Type C cycles 
Type C cycles show evidence of facies variation within ramp successions. Type C cycles 
can be subdivided into 3 groups (Table 6-4). 
C I cycle, fiicics pcnnutatiiins 
(ba.so ••• lop of cycle) 
C2 cycle, facies permutations 
(base '"^ top of cycle) 
C3, cycle facies permutations 
(base top of cycle) 
R1-R2 R f - R 4 R1-R7 R1-R4-R7 
R1-R3 R5-R1-R4 R3-R7 R2-R1-R6 
R1-R2-R3 R4-R6 R3-R4-R6 
R2-R1-R2 R5-R6 R6-R5-R7 
R2-R1-R3 R5-R7 R1-R2-R4-R7 
R6-R7 R5-R3-R2-R7 
Table 6-4 Microfacies permutations in type C cycles. Cycles are mostly regressive. Refer to Chapter 
4 for microfacies descriptions. 
Type CI cycle 
Type CI cycles show shallowing from outer ramp facies through to mid ramp facies. They 
are dominantiy regressive, with a bioturbated mudstone (Rl microfacies) at the base, and 
either storm influenced bioclastic packstones (R2) or stromatoporoid floatstones (R3) at 
the top of the cycle (Fig. 6-7). Locally, CI cycles can be transgressive-regressive (Table 6-
4). 
Type CI cycles are the most common cycle-type in the ramp successions. They range from 
0.2m to over 10m in thickness, averaging 2.8m. They show evidence for shallowing only 
up to fair-weather wave-base. 
Type C2 cycle 
Type C2 cycles display evidence of shallowing from outer ramp facies through to inner 
ramp facies (Fig. 6-7). Facies permutations are variable (see Table 6-4), yet most 
commonly the cycles have an argillaceous mudstone (Rl microfacies) at the base and 
immediately shallow into oolitic facies (R4). There is an increase in spar cement and an 
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increase in abrasion. This cycle type is rare, recording flill shallowing to fair-weather 
wave-base. Cycle thicknesses range from 0.4m to 5.4m, averaging 2.5m. 
Type C3 cycle 
C3 cycles shallow from open-marine ramp facies to restricted ramp facies. Cycles show a 
decrease in diversity of organisms and increase in lime-mud content. Facies stacking 
patterns are very variable (Table 6-4). Type C3 cycles only occur in one succession 
(Bellignies-Bettrechies quarry), where thickness ranges from 0.2m to 7.4m, averaging 
2.5m. Cycles are mainly regressive. 
6.5.4 Upper Eifelian successions 
Type CI cycles are the most common in the upper Eifelian ramp succession at Glageon 
quarry. The succession is characterised mainly by outer to mid ramp facies, yet shallowing 
into the inner ramp environment, represented by oolite banks and C2-type cycles, can be 
identified at 35m (Fig. 6-8a; see Appendix 2 for logs). Average cycle thickness for the 
upper EifeHan is 3.5m, somewhat thicker than seen in the younger lagoonal sediments. 
Cycle thickness ranges from less than Im to over 7m and each cycle has a regressive trend. 
The plot for the upper Eifelian (Fig. 6-8a) shows a subdued cycle thinning followed by a 
more pronounced pattern of cycle thickening. Broadly, the shallowest facies (i.e., the 
oolitic facies) occur just before the development of the thicker cycles. The overall pattern 
would indicate a long-term regression followed by a transgression. This plot mimics the 
plots calculated by Kasimi and Preat (1996) for other upper Eifelian successions in France 
and Belgium (Fig 6-8b), suggesting regional or eustatic rather than local mechanisms were 
causing these depositional trends. 
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Figure 6-7 Schematic representations of type C cycles. 
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Figure 6-8 a) Fischer plot for the upper Eifelian succession at Glageon quarry, b) Fischer plots for 
five other upper Eifelian successions in the Belgian and French Ardennes (adapted from Kasimi and 
Preat, 1996). 
Cycles in the EifeUan rarely show full regression into intertidal environments. The cycles 
build up to either storm wave-base or fair-weather wave-base (similar to the Ordovician 
cycles of Cincinnati; Jenette and Pryor, 1993). An explanation for this may be that the 
pulses of relative sea-level fluctuation may have been of a short duration and thus 
sediments were unable to build up to sea-level before the next deepening event. 
Alternatively, sediments may be unable to aggrade to intertidal facies because turbulent 
high-energy waters above fair-weather wave-base were constantiy reworking and 
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redepositing sediments to other environments, and therefore this depositional environment 
did not actually record sedimentation. Thus, wave-base is effectively controlling cyclicity. 
6.5.5 Ardennes-Aachen-Eifel area 
6.5.5.1 Givetian strata 
Lower Givetian 
Six successions in the Ardennes and one succession in the Eifel area were studied in lower 
Givetian strata. Sediments were informally divided into two units: the lower unit was 
denoted by the lack of laminite horizons, and the upper unit was characterised by the 
development of several laminite horizons (see Figure 5-5). The cycle-types seen in the 
lower Givetian were not only influenced by these long-term sedimentation styles (and 
consequently long-term trends in accommodation space), but also on the local areal 
positioning of the succession upon individual fault blocks within the shelf. 
Figure 6-9 presents a correlation panel for Fischer plots of the lower Givetian successions. 
It can be seen from the panel that although individual cycles may not be traceable from 
succession to succession, trends in cycle thickness are regional and correlatable. There are 
many cycle-types represented in the lower Givetian. Cycles range from subtidal dominated 
(type A cycles) to fully regressive cycles with a subtidal base through to supratidal cap 
(B3). Many cycles are, however, either type A, or type B1/B2 where cycles are capped by 
fenestral horizons rather than supratidal facies. Fully regressive cycles (B3) are rare in the 
lower Givetian. 
Trends in cycle-type are somewhat difficult to pick out since the cycle-type depends not 
only the ability of carbonate production to pace any change in relative sea level, but it also 
depends on the subsidence or consequent uplift of the respective fault blocks. For example 
the lowermost part of the lower Givetian sees a negative slope followed by a positive slope 
on the Fischer plot, a trend which can be seen in all successions. However, the cycle-types 
are different in each succession. At Resteigne quarry the lowermost part of the Trois 
Fontaines Formation is dominated by low-energy subtidal deposition (and consequentiy 
type A cycles), yet at Froid Lieu and Olloy-sur-Viroin quarries type B l and B2 cycles are 
present, as cycles shallow into the intertidal zone. This would suggest that the Resteigne 
area was a more rapidly subsiding fault block during the lowermost Givetian, whereas the 
Froid Lieu and Olloy-sur-Viroin blocks were at a relative high (Fig. 6-10). 
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Figure 6-9 Correlatim of Fischer plots for the 
upper Kifelian and lower Givetian 
successions in the Belgian and French 
Ardennes. Approximate distance between 
Resteigne and Bellignies-Bettrechies = 
110km. See text for discussion. BeUignies-Bettrechies quarry 
Average cycle thickness = 2.43m 
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Figure 6-10 Highly simplified and idealised cartoon of relative elevations of fault blocks in the lower 
Trois Fontaines Formation in the Ardennes. Vertical scale is exaggerated. See text for discussion. 
Farther to the west, where the carbonate platform still had a ramp geometry, a similar 
trend can be seen in the Fischer plots, where there is an initial negative slope (indicating 
decreased accommodation space) followed by a positive slope (thicker cycles - increased 
accommodation space). Naturally facies and hence cyclicity differ from that seen in the 
shelf successions. Yet, it is suggested that Glageon quarry was situated on a subsiding 
fault block since sedimentation was entirely open-marine in nature (cycle-types CI and 
C2); whereas the Bellignies-Bettrechies area was situated on a palaeohigh or nearer to the 
shoreline since restricted and even intertidal facies are recorded (and consequently C3 
cycle-types). 
The relative subsidence/uplift of these fault blocks is also recorded in the average cycle 
thickness. For example where rapid subsidence is envisaged, average cycle thickness for 
the lowermost Givetian is 3.3m and 2.7m (Resteigne quarry and Glageon quarry, 
respectively). Yet where the fault blocks are highest, average cycle thickness is slighdy 
thinner at 3.0m, 2.7m and 2.3m (Froid Lieu, Olloy-sur-Viroin, Bellignies-Bettrechies 
quarries). 
In the lower Trois Fontaines Formation, cycles are both transgressive-regressive and 
wholly regressive in nature (Fig. 6-9). Regressive cycles are most common, and are 
distributed mostly on the falling limbs (negative slopes) of the Fischer plots. The rare 
cycles which do show transgressive deposits at the base of the cycle (i.e., initial and 
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maximum flooding surfaces can be differentiated) tend to be distributed on the rising limbs 
of the Fischer plots, for example at Resteigne and Olloy-sur-Viroin successions. This 
would suggest that transgressive facies were only recorded during the small-scale 
deepening events when accommodation space was at its maximum (i.e., where there are 
thicker cycles), and thus infers that the rises in relative sea level were magnified during 
these times. 
The uppermost part of the Trois Fontaines Formation (at Resteigne, Glageon and 
Bellignies-Bettrechies sections) shows two thinning-thickening cycle packages 
(paraseqeunce sets) which are superimposed upon a longer-term negative slope (Fig. 6-9). 
It is during this package of sediments that evidence for periodic emergence into the 
supratidal zone is recorded by the presence of several laminite horizons. 
At Resteigne quarry, cycle-types B2, B3 and B4 dominate the upper Trois Fontaines 
Formation. Cycle thickness is extremely variable, with some B3 cycles reaching 7.5m 
thick. This would suggest that the carbonate production rate was only slowly outpacing 
creation of accommodation space, so that thick, 'facies complete' (sensu Soreghan and 
Dickinson, 1994) cycles developed. 
A similar Fischer plot trend can be seen both at Glageon and Bellignies-Bettrechies 
quarries. Sedimentation remained open-marine in the Glageon quarry section, and hence 
cycle-type is either CI or C2. However, there was emergence into the intertidal zone at 
one stage in Glageon's sedimentation history (cycle number 30; see Figure 6-9), which is 
recorded as a type C3 cycle. Sediments in the Bellignies-Bettrechies quarry become 
increasingly restricted during the upper Trois Fontaines Formation, where cycles are 
capped by intertidal or highly restricted subtidal facies and are of type C3. 
The succession at Vaucelles quarry records the long-term negative slope in its Fischer plot, 
yet the superimposed thinning-thickening trends are not apparent. As suggested in Chapter 
5, the succession at Vaucelles is considered to be condensed, since cycle thickness is 
substantially thinner than in other successions (1.96m average) and the overall succession 
is thinner. Both subtidal dominated cycles (type A) and cycles with a supratidal cap (type 
B3 and B4) are recorded, with type A cycles more common towards the top of the 
succession (Fig. 6-9). The fault block upon which Vaucelles was located was likely to have 
been relatively elevated during the initial parts of the middle Trois Fontaines Formation, so 
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that accommodation space was reduced and relative sea level was low. However, during 
the latest Trois Fontaines times subsidence of the fault block may have played a more 
important role so that subtidal sedimentation was the norm. 
For the upper part of the Trios Fontaines Formation, cycles are mostly regressive. 
Transgressive-regressive cycles are apparent, locally occurring in a regular pattern where 
two to four regressive cycles are followed by one transgressive-regressive cycle (see for 
example Resteigne and Vaucelles succession. Figure 6-9). This pattern is not seen basin-
wide, however. Cycles which have a transgressive base commonly form when the rate of 
creation of accommodation space is slow, and therefore carbonate production is able to 
pace the deepening event. The distribution of these transgressive deposits may therefore be 
related to the long-term accommodation potential of the system and hence long-term 
relative sea-level fluctuations. It is interesting to point out that the classic relationship 
between sediment type and cycle thickness trend (i.e., negative slopes of the Fischer plots 
showing increasing proportions of intertidal-supratidal cycles, positive slopes showing 
increased proportions of subtidal cycles) is not applicable in the Lower Givetian. 
Progradational, regressive (thinning-upwards) stacking patterns can be dominated by both 
subtidal cycles and peritidal cycles, as can retrogradational, transgressive (thickening-
upwards) stacking patterns (Fig. 6-9). This may suggest that the longer-term trend in the 
Fischer plot does not truly represent lower order eustatic sea-level fluctuations, and that 
there must have been local interference by tectonic movement or autocyclic processes. 
Cycle thickness for the lower Givetian averages 2.7m, substantially thicker than seen in the 
upper Givetian Fromelennes Formation. 
Upper Givetian 
Upper Givetian successions outcrop at Sourd d'Ave, Beauraing, Cul d'Houille, Dourbes 
and Nismes in the Belgian Ardennes and also at Walheim Southern Limb, TeerstraBenbau, 
Venwegen and Alt Breinig in the Aachen region of Germany. The upper Givetian 
Fromelennes Formation could be divided into three member in the Ardennes area, of which 
Beauraing exposes the Flohimont Member and Moulin Boreux Member, Cul d'Houille, 
Dourbes, and Nismes exposes the Moulin Boreux Member, and Sourd d'Ave outcrops in 
the Fort Hulobiet Member (see Figure 5-7). The successions at Aachen broadly correlate 
with the Fort Hulobiet Member. A metre-scale cyclicity is pervasive throughout the upper 
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Givetian successions and is commonly very easy to identify in the field. Cyclicity is 
recorded as both type A and type B cycles, with their distribution not only related to long-
term trends in accommodation space, but also influenced by local fault-block movement, 
as with the Givetian. 
Figure 6-11 presents a Fischer plot correlation panel for the Flohimont and Moulin Boreux 
Members of the Fromelennes Formation in the Ardennes. Correlation of individual cycles 
is difficult; yet, broad correlation of trends in cycle-thickness can be made. 
The lower part of the Moulin Boreux Member is characterised by a large-scale thinner-
than-average cycle package followed by a thicker-than-average cycle package. This can be 
seen at Beauraing, Cul d'Houille, Dourbes and Nismes quarries (Fig. 6-11). Cycles are of 
both type A and type B. Type A cycles are the most common, typically having a 
stromatoporoid floatstone unit at the base and capped by a poorly fossiliferous horizon. 
Where type B cycles are present, shallowing is often incompletely recorded as supratidal 
laminite horizons locally directly overlying semi-restricted biostromal facies (i.e., at 5.5m 
and 6.6m at Cul d'Houille; see Appendix A2.7 for details). This would suggest that 
carbonate production was periodically unable to pace the drop in relative sea level, since 
*i 
restricted subtidal and intertidal facies were not recorded. Cycles during this time period 
are mosdy asymmetric, with only periodic transgressive facies deposited (Fig. 6-11). This 
implies that rises in relative sea level were, most of the time, at a swift enough pace for 
sedimentation to severely lag behind and hence not record the deepening events. The 
transgressive-regressive cycles do have a vague pattern in their distribution, where 
commonly two to five regressive cycles are deposited which is then punctuated by one (or 
sometimes two) transgressive-regressive cycles. This pattern may relate to a longer-term 
trend in relative sea level, which is discussed in Section 6.7. 
The distribution of cycle-types does not appear to follow any specific pattern, although 
cycles which record supratidal or intertidal caps (type B) do tend to be distributed on the 
falhng limb of the slopes (Fig. 6-11). If Fischer plots were interpreted to represent long-
term sea-level histories, this pattern is what one might expect: there would have been a 
reduction in accommodation space and therefore sedimentation would have been more 
likely to build up to and above sea level. Type B cycles are, however, also recorded on the 
rising limbs of the Fischer plot, particularly at Cul d'Houille. Here, type B cycles are 
*1 forced regression 
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Figure 6-11 Correlatim of Fischer plots for the lower and middle 
Fromelennes Formation in the Ardennes. See text for discussion. 
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especially thick as they record full shallowing from semi-restricted stromatoporoid 
boundstone bases through Amphipora-nch facies and poorly-fossiliferous facies to 
supratidal laminites. These B3 cycles show catch-up characteristics of Soreghan and 
Dickinson (1994) terminology and are both facies and thickness complete (see Table 6-1). 
B4 cycles are also present, where semi-restricted facies are not developed and shallowing 
is recorded from the restricted subtidal zone through intertidal to the supratidal zone. 
The initial thinning-thickening trend in Fischer plots is then repeated in the upper part of 
the Moulin Boreux Member. This trend can be seen at Cul d'Houille, Dourbes, and 
Nismes. The falling limb at Cul d'Houille is characterised by B-type cycles, with two of the 
cycles being capped by calcretes (see Figure 6-11). The development of these calcrete 
horizons would suggest there was exposure of the local area for a sustained period of time. 
However, these calcretes were not formed over a regional area, as they cannot be seen 
elsewhere. Laminites, which are interpreted as forming in the high intertidal to supratidal 
zone, are well developed in the other successions at this time and may represent the lateral 
equivalents of the calcretes. It is interpreted that this period represents either a lowstand in 
relative sea level, or where the rate of drop in sea level is at its greatest. 
The rising limb of the Fischer plot shows a complex array of cycle-types. At Cul d'Houille 
the package takes on a more aggradational rather than thickening trend, and is dominated 
mainly by subtidal cycles. At Dourbes, on the other hand, the rising limb has two B-type 
cycles at the base, and is then followed by subtidal (type A) cycles. Nismes displays a very 
abrupt thickening package which is the result of just one unusually thick cycle (i.e., 
number 18 is 2.92m thick, almost three times as thick as the average cycle thickness), and 
is then followed by an aggradational trend (i.e., cycles are more or less of average 
thickness). Cycles are mostly subtidal in nature, as with Cul d'Houille. These differing 
patterns may reflect the differing structural character of the areas, where Nismes was 
situated on a rapidly subsiding fault block, producing periodic thick cycles, yet the Cul 
d'Houille/Dourbes areas were on relatively stable fault blocks. 
The upper part of the Moulin Boreux Member has a similar pattern in distribution of 
regressive and transgressive-regressive cycles to that seen in the lower part. The 
successions are mostiy characterised by regressive cycles, yet this is punctuated after 
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approximately three to five cycles, by a transgressive-regressive cycle. The origins to these 
patterns will be discussed later. 
The Fort Hulobiet Member in the Ardennes broadly correlates to successions in the Upper 
Stringocephalus Beds of the Aachen area. It is difficult to assess how much of the 
stratigraphy is omitted between the Moulin Boreux and Fort Hulobiet Members, since 
successions are incomplete. Yet it is likely to be approximately 50m. These uppermost 
Givetian successions in both the Ardennes and Aachen areas show a positive-negative-
positive-negative trend on Fischer plots (Fig. 6-12). 
TeerstraBenbau and Venwegen quarries show the initial rising limb, where cycles are 
thicker than average. Cycles are mostiy of type B, having a subtidal base and either a 
fenestral or microbial laminite cap, indicating intertidal to supratidal depositional 
environments. The falling limb is short, and characterised by thinner-than-average B-type 
cycles. The following rising limb can be seen in all successions and is again typified by 
supratidal-capped type B cycles. This indicates that the long term sea level may have been 
at a lowstand during this time, or that the successions were positioned close to the 
palaeotidal-flat area. Most cycles are regressive. 
The latest Givetian is characterised by a negative slope on the Fischer plot which can be 
seen at Sourd d'Ave and Walheim Southern Limb (Fig. 6-12). Both successions show 
type-B cycles which thin towards the Givetian/Frasnian boundary. The base of the Frasnian 
represents a dramatic deepening, where open-marine interbedded nodular limestones and 
marly shales were deposited. Cycles are of type C I . 
Overall cycle thickness in the upper Givetian is much thinner than that seen in the lower 
Givetian, at 1.56m (compared to 2.7m). Type B cycles are more abundant also, suggesting 
that the long-term sea level was lower than in the lower Givetian. 
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Average cycle thickness = 2.19m 
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TeerstraBenbau quarry 
Average cycle thickness = 1.17m 
Sourd d'Ave Section 
Average cycle thickness = 2.45m 
Figure 6-12 Correlatim of Fischer plots for the uppermost 
Givetian successions in the Ardennes and Aachen areas. 
Approximate distance between Alt Breinig and Sourd d'Ave = 
100km. See text for discussion. 
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6.5.5.2 Frasnian 
Frasnian and upper Givetian successions in the Aachen area have been extensively studied 
in the past two decades, in terms of palaeontology and cyclicity (e.g., Kasig, 1976; Kasig, 
1978; Kasig, 1980). Kasig (1980) identified an 'ideal cycle' as having an Amphipora-nch 
base, followed by a horizon of bulbous stromatoporoids, and capped by laminated and 
textureless lime muds. It was suggested that all stromatoporoids were preserved in Ufe 
position and the cycles represented a 'growth cycle'. Intensive studying of these 
successions, however, has uncovered littie evidence to support these ideas. Horizons of 
bulbous stromatoporoids only locally have an Amphipora layer underlying them, and the 
bulbous stromatoporoids themselves are often overturned and abraded. Indeed, 
Amphipora commonly overlies the bulbous stromatoporoids, rather than being underneath 
them (see logs in Appendix 2). Therefore, an 'ideal' shallowing upwards cycle would have 
a bulbous stromatoporoid base, an Amphipora-nch horizon overlying this, followed by a 
fine-grained poorly fossiliferous micrite, finally capped by a microbial laminite (see Figures 
6-5 and 6-6). 
Frasnian strata were studied at three short successions in the Aachen area: Walheim 
Sections 1 and 2 and Schmithof. The complete cycle-thickness pattern through the 
Frasnian is impossible to determine, since successions are incomplete and do not cover the 
whole of the stratigraphy (see Figure 5-10). However, correlation between two 
successions is possible, using relative thickness below the nodular shales (see Section 
5.1.5) and also Fischer plots (Fig. 6-13). 
Lower parts of the Reef Limestone Beds are exposed at Walheim Section 1. Cycles are 
mainly type B, and Walheim Section 1 exposes the only record of a transgressive lag-
deposit. The lag is composed of ripped-up clasts of laminite facies and fenestral facies (see 
Figure 4-8) and occurs at the base of a B3, 'complete' cycle. Overlying the lag is a horizon 
of bulbous stromatoporoids, which then fully shallowed into subtidal restricted facies, and 
was capped by a thin microbial laminite. The cycle is thin at only 1.3m, and cycle thickness 
on the whole for this lower package of Frasnian sediments averages only 1.7m. The 
presence of this transgressive lag would suggest that the increase in relative sea level was 
prolonged enough so that underlying sediments were reworked and subsequently 
redeposited on the ravinement surface (Arnott, 1995). Cycles in this package of sediments 
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are, on the whole, regressive, indicating that the rises in relative sea level were too quick 
for sedimentation to pace. 
Frasnian 
Reef limestone Beds Nodular 
Walheim Section 1 
Average cycle thickness = 1.70ra 
Cycls 
Walheim Section 2 
Avoage cycle thickness = 2.70m 
A-type cycles 
B-type cycles 
V Ihinsgressive-regressive cycles 
% Regressive cycles Schmidhof quarry 
Average cycle thickness = 
Figure 6-13 Correlation of Frasnian Fischer plots in the Aachen area. See text for discussion. 
The upper parts of the Reef Limestone Beds show both subtidal-dominated and subtidal-
intertidal cycles. The Fischer plots exhibit a thickening-thinning trend, and as with much of 
the Givetian and Frasnian, cycle-types show no predictable pattem on the Fischer plot 
curve. Subtidal cycles commonly have a stromatoporoid floatstone base, and are capped 
by poorly-fossiliferous facies, whereas, subtidal-intertidal cycles have either a microbial 
laminite or dolomicrite capping the cycle. Both transgressive-regressive and fully 
regressive cycles are seen, yet regressive cycles are most abundant. 
Cycle thickness for the upper parts of the Reef Limestone Beds averages at 2.7m, Im 
thicker than seen in the lower Reef Limestone Beds. 
6.5.6 Isolated platforms 
Metre-scale cyclicity within the isolated platforms has already been discussed in Chapter 5, 
and this Section aims to expand on those initial findings. All cycles are either of type A or 
B and are transgressive-regressive or wholly regressive. When studying cyclicity in the 
isolated platforms, initial impressions are that sedimentation is mainly subtidal in nature, 
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and hence type A cycles dominate. It is important to consider, however, that as the 
isolated platforms are restricted in size, tidal flats may not be extensive. Therefore, the 
probability of studying successions in the central subtidal parts of the lagoon are 
statistically more likely than in the tidal flat, and subtidal-dominated cycles are hence more 
likely. Unfortunately, poor outcrop in the study area does not often allow comparisons 
between central lagoonal successions and tidal flat successions to be made. 
With these considerations aside, it is possible to assess cycle-thickness variations and also 
to comment upon possible controls on cycle development. For the purpose of clarity, and 
because of the lack of suitable biostratigraphic control, the isolated platforms will be 
discussed in terms of their palaeosetting (i.e., inner shelf, shelf edge, trough; sensu Krebs, 
1974). Unfortunately it is extremely difficult to correlate the isolated complexes with 
successions in the Ardennes. 
6.5.6.1 Shelf-edge 
Three isolated platforms which developed upon the shelf edge have been studied in terms 
of cyclostratigraphy: Attendorn, Brilon and Torbay (see Section 5.2.1 for details). 
Attendorn Reef Complex 
One succession, Heggen Quarry, was studied in the Attendorn Reef Complex. Heggen 
quarry was situated in the immediate back reef environment where facies were composed 
of interbedded richly fossiliferous bioclastic grainstones, small biostromes or 
stromatoporoid-coral floatstones and Amphipora floatstones. The succession can be 
divided into three units, relating to the presence or absence of Amphipora-nch facies (see 
Figure 5-15), and this is reflected also in the cycle-type. 
Cycles in the Heggen succession are all type A, subtidal cycles (Fig 6-14a). A l cycles and 
A3 cycles are well-represented and their distribution mirrors the pattern seen in facies 
distribution. A l cycles, which commonly have a stromatoporoid floatstone base and an 
Amp/i/pora-floatstone cap, are distributed in the lower and upper parts of the succession. 
Cycles in these lower and upper units show a high proportion of transgressive deposits, 
with transgressive-regressive cycles being in almost equal abundance as wholly regressive 
cycles. This would suggest that, periodically, the rise in relative sea level was slow enough 
for transgressive facies to be deposited. The distribution of transgressive-regressive and 
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regressive cycles does not appear to follow any clear pattern, indicating that long-term 
patterns in accommodation space was not influencing cycle-type during these times. 
The middle part of the succession is typified by type A3 cycles (Fig. 6-14a). These cycles 
show a stromatoporoid floatstone facies at the base, capped by a bioclastic grainstone. 
Since cyclicity is entirely within the semi-restricted facies group, cycles show a regressive 
trend. Many of the bioclastic grainstones are interpreted as storm deposits, therefore this 
style of cyclicity may reflect internal depositional processes, rather than external allocyclic 
mechanisms. The lack of restricted subtidal facies may suggest that at this time long-term 
sea level was at a highstand, so that the lagoon was well-circulated and semi-restricted 
facies were prevalent. 
The Fischer plot for the Heggen succession shows a strong positive-negative pattern (Fig 
6-14a). Cycle-type is not associated with any particular stage on the long-term curve, since 
A l cycles occur on both the rising and falling limbs. Average cycle thickness for the 
Heggen succession is 3.02m. 
Brilon Reef Complex 
Metre-scale cyclicity in the Brilon Reef Complex is extremely well developed and has 
already been extensively discussed in the previous Chapter (see Section 5.2.1.2 and Figure 
5-17 for details). To recap, both A-type (A l and A2) and B-type ( B l , B2, B3) cycles have 
been identified, where cycles range from 0.25m to 4.45m in thickness and are either 
transgressive-regressive, or wholly regressive. Figure 6-6 shows a field photograph of a B-
type cycle, where the base is dominated by bulbous stromatoporoids, which is then 
followed by a poorly-fossiliferous horizon and is finally capped by a supratidal laminite. B-
type cycles are particularly common in the Bleiwasche succession and are typically thinner 
than subtidal cycles. 
The distribution of cycle-type does follow a broad trend where 'packages' of type B cycles 
dominate the falling limbs of the Fischer plot, and subtidal A-type cycles are common on 
the rising limbs or at the top of a slope (Fig. 6-14b). This relates to the accommodation 
potential, since the thicker subtidal-dominated cycles would occur where there was a 
transgression or highstand in relative sea level, and thinner intertidal-capped cycles would 
be common where there were lowstands in relative sea level. These patterns mimic the 
'idealised' situation where peritidal cycles occur on falling limbs and subtidal cycles occur 
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on rising limbs, suggesting that eustasy had a strong role to play as a causal mechanism for 
the cyclicity. Stadter and Koch (1987) also noted that reefal deposits of the Brilon Reef 
Complex were periodically subjected to elevation into the intertidal-supratidal zone, 
confirming the role of eustasy rather than an autocyclic mechanism. The majority of cycles 
in the Bleiwasche succession are wholly regressive, although transgressive-regressive 
cycles do periodically occur on the rising limbs and near the base of falling limbs of the 
Fischer plot (Fig. 6-14b). 
A decimetre-scale 'cyclicity' can also be seen in supratidal facies, where laminites are 
interbedded with intraclast (mudchip) horizons (i.e., at 25m; see log in Appendix 2.4). This 
facies variation reflects storm events where hurricanes or strong storms impinged onto the 
high-intertidal to supratidal environment, reworking desiccation cracked surfaces. Hong 
(1992) also noted a decimetre-scale cyclicity in intertidal fenestral facies of the Brilon Reef 
Complex. This order of cyclicity is not comparable in magnitude to the metre-scale 
cyclicity already described, being related to local climate conditions rather than larger-scale 
eustatic sea-level fluctuations or autocyclic processes. 
Torbay Reef Complex 
The Torbay Reef Complex offers the opportunity to compare central lagoon successions 
with successions which were located on the palaeotidal flats (see Section 5.2.1.3). Three 
successions were studied: Broadridge Wood quarry located on the low-energy, protected 
tidal flats, Linhay Hill quarry positioned in the subtidal central lagoon, and Rydon quarry 
situated in the immediate back-reef environment. 
A metre-scale cyclicity is well developed in the Torbay Reef successions, and has already 
been briefly discussed in Chapter 5. Broadridge Wood quarry exhibits both subtidal cycles 
and peritidal cycles, with peritidal (type B) cycles being most common (Fig. 6-14c). Type 
B cycles are mostiy capped by fenestral facies, yet cycle number 1 is capped by a calcrete 
horizon, suggesting prolonged exposure in the supratidal zone and a lowstand in relative 
sea level. Subtidal cycles commonly have an Amphipora-nch base and are capped by 
poorly-fossiliferous facies. These cycles are distributed at the top of a rising Umb on the 
Fischer plot (Fig. 6-14c), forming an aggradational package as cycle thicknesses 
approximate that of the average (2.39m). Type B cycles are distributed on both the rising 
and falling limbs of the Fischer plots, suggesting that although accommodation potential 
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was variable, sediments were regularly able to build up to and above sea level. These 
cycles display catch-up characteristics (sensu Soreghan and Dickinson, 1994; see Table 6-
1) although they are not always 'facies complete' since semi-restricted facies are not always 
recorded. This suggests that either the magnitude in sea-level rise was not great enough 
for semi-restricted conditions to be established, or that the rise in sea level was of such fast 
pace that sedimentation was unable to keep up with it. However, transgressive deposits are 
recorded in many of the cycles, therefore the former suggestion seems the most plausible. 
As one might expect, cycles which do record transgressive deposits are thicker than 
average and are thus restricted to the rising-limb of the Fischer plot. 
Linhay Hill quarry, being located in the central part of the lagoon, is characterised by 
subtidal deposition, and hence type-A cycles (Fig. 6-14c). A l and A2 cycles are 
represented. A l cycles either have a stromatoporoid floatstone (S2) or Stringocephalus 
packstone (S3) base, and are variably capped by Amphipora wackestones/floatstones (S4), 
bioclastic wackestones (mostly gastropods; S5), or poorly-fossiliferous facies (S6). Facies 
boundaries are often gradational. A2 cycles mostly have an Amphipora-nch base and are 
capped by poorly fossiliferous facies. A broad evolution of the succession can be seen, 
where type A l cycles dominate in the lower parts (up to cycle number 6), and then A2 
cycles are more common. Cycles are mostly regressive. The cycle thickness trends at 
Linhay Hill quarry take on a very interesting pattern (Fig. 6-14c). Packages of cycles 
(commonly 5-6 cycles) show distinct thinning-upwards stacking patterns, which are 
followed by a thicker-than-average cycle forming the base to the next 'package' of 
thinning-upwards cycles. These asymmetric stacking patterns may be a result of the 
overprinting of different amplitudes of sea-level change, referred to as composite eustasy 
(i.e., a 20,000 year cyclicity superimposed upon a 100,00 year cyclicity). These concepts 
are discussed in Section 6.6. Average cycle thickness for Linhay Hill quarry is 2.04m. 
Rydon quarry was the shortest succession studied, and is dominated by relatively high-
energy deposits. Cycles are mostly subtidal in nature, yet some cycles are capped by 
fenestral limestones interpreted to have formed in the intertidal zone. The distribution of 
type A/B cycles does not have any particular pattern, although type B cycles do have 5 
subtidal cycles in between them, possibly suggesting the operation of composite eustasy. 
The succession is not really long enough, however, to try to substantiate these 
suggestions. 
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Figure 6-14 a) Fischer plot for the Heggen 
quarry, Attendorn Reef Complex, b) Fischer plot 
for Bleiwasche quarry, Brilon Reef Complex, c) 
Fischer plots for successions in the Torbay Reef 
Complex. No correlation is hitended. See text for 
discussion. 
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Correlating the successions in the Torbay Reef Complex proves very difficult, since the 
area has been severely dislocated by tectonics and there is poor stratigraphic control in the 
successions. The calcrete horizon could be a useful marker horizon, since it indicates a 
period of lowstand in sea level, or where the sea-level drop was at its greatest rate. 
However, the other two successions do not show such lowstands of sea level, suggesting 
maybe that Broadridge Wood quarry is either younger or older. Since there is an abrupt 
facies change into the Foxley tuffs only 25m above the top of the succession at Broadridge 
Wood (Scrutton and Goodger, 1987), it is anticipated that the Broadridge Wood quarry 
section is in fact younger than the others. 
6.5.6.2 Inner shelf 
Two isolated platforms which developed within the shelf have been studied in terms of 
cyclostratigraphy: Balve and Domap (see Section 5.2.2 for details). 
Balve Reef Complex 
Back-reef facies in the Balve Reef Complex have been studied at Oberrodinghausen 
quarry. Sedimentation was almost entirely subtidal in nature, apart from a fenestral horizon 
identified at 2m. Analysis of the sediments has divided the logged succession into two 
units: the lower unit is characterised by restricted subtidal sedimentation, whereas the 
upper unit represents better circulated, semi-restricted sedimentation. This division can 
also be seen on the Fischer plot (Fig. 6-15a). 
The lower unit is characterised by mostly A l cycles, where bulbous stromatoporoids are 
the major component of the basal unit, and these are commonly capped by Amphipora 
floatstones. These cycles show a decrease in diversity of organisms and decrease in 
circulation upwards. Cycles average 2.33m in thickness. Type A l cycles typically plot on 
the falling limb of the Fischer plot since they are thinner than average. Aggradational 
stacking patterns are also superimposed upon this pattern (i.e., between cycles 4-7, where 
cycle thickness is more or less equal to the average) yet do not detract from the overall 
thinning-upwards trend of the unit. Although there is no direct evidence for a shallowing-
upwards trend in the type A l cycles there is evidence of increased restriction, which 
suggests that the lagoon was influenced less by marine waters possibly due to a lowering 
of relative sea-level. A l cycles are similar to the keep-up cycles of Soreghan and 
Dickinson (1994) where facies are entirely subtidal. 
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The second sedimentation unit is characterised mainly by A3 cycles. Thick stromatoporoid 
biostromes characterise the base of the A3 cycles, which are then capped by bioclastic 
grainstones. The bioclastic grainstones are commonly rich in Stachyodes and crinoids and 
are thought to have been derived from reefs during storms or hurricanes. Sedimentation is 
entirely within the semi-restricted subtidal facies group. A3 cycles are generally thicker 
than A l cycles, averaging 3.05m, and therefore plot on the rising limb of the Fischer plot 
(Fig. 6-15a). 
Cycles within the Oberoddinghausen succession are mainly regressive, yet rare 
transgressive facies are recorded. It would be difficult to interpret the trend of the Fischer 
plot as mimicking the long-term pattern of relative sea level, since the plot actually 
mirrors what is recorded in the sediments. For example, as the Fischer plot curve is 
dropping (equating to a long-term fall in relative sea level), the lagoonal sediments within 
the cycles were becoming more influenced by marine waters, suggesting a rise in relative 
sea level rather than a fall. This may suggest that there are other factors influencing 
sediment-style rather than just eustasy. 
The succession at Oberoddinghausen is situated within the subtidal lagoon, where 
intertidal and supratidal deposits were not recorded. Other successions which were 
positioned on the tidal flats of the Balve Reef Complex have recently been studied 
(Schudack, 1993; Schudack, 1996), and a pervasive metre-scale cyclicity has been 
recorded. Cycles are peritidal, possessing intertidal-supratidal caps. It was initially 
interpreted that cycles could be explained by abrupt movements on the Lenne fault to the 
NE of the margin ('jerky' subsidence) producing the accommodation space (Schudack, 
1993). However, more recent work has calculated cycle duration to be approximately 
21,500 years and this superimposes upon a 400,000 year cyclicity. Therefore it has been 
suggested that orbital-forcing played an extremely important role in cycle creation 
(Schudack, 1996). It is difficult to assess if the outcrops which preserve these tidal-flat 
deposits are in fact the same age as the succession at Oberoddinghausen quarry, yet it is 
not unrealistic to suggest that these two outcrops do represent lateral equivalents of one 
another. Therefore, if a eustatic signature is so strong in the tidal-flat cycles, it may also be 
assumed that this is the fundamental mechanism producing the subtidal cyclicity also. 
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Dornap Reef Complex 
Several outcrops have been studied in back-reef facies of the Dornap Reef Complex, yet 
only VoBbeck quarry was suitable for cyclostratigraphic studies. Sedimentation could be 
divided into three units (see Figure 5-27 and Section 5.2.2.2). The lower unit was 
characterised by restricted subtidal sedimentation; the middle unit had very variable 
depositional environments, including semi-restricted subtidal, restricted subtidal and 
intertidal facies; finally the upper unit saw sedimentadon return to restricted subtidal 
depositional environments. 
The three packages of sediments can also be seen in the Fischer plot, where each unit has a 
certain trend in cycle thickness (Fig. 6-15b). The lower and middle units plot on a rising 
Mmb where cycle thickness is greater than average. The lower unit is characterised by an 
A2 cycle which shows facies variation within the restricted subtidal zone. The cycle has a 
thick accumulation of Amphipora-rich units at the base, which is followed by a poorly-
fossiliferous horizon and is capped by a peloidal grainstone. The cycle is extremely thick at 
8.09m. The middle unit has both A and B-type cycles. B-type cycles are typically B l in 
nature, where they are capped by a fenestral limestone. This is interpreted as indicating 
intertidal depositional environments. In the middle unit it is not uncommon to have 
transgressive facies at the base of a cycle. This would suggest that the rise in sea level was 
slow enough so that carbonate production was able to keep pace with it. The upper unit, 
where sedimentation is entirely subtidal in nature, is characterised by a thinner-than-
average cycle pattern. Cycles are regressive and typically of A2 type, having an 
Amphipora-rich base and poorly fossiliferous cap. 
The distribution of differing cycle-types may give some indication of the variation in 
magnitude of relative sea-level change. For example, the middle unit records greater 
relative sea-level fluctuations (i.e., from semi-restricted environments through to intertidal 
environments) than either the lower or upper units. This may be related to the actual 
variations in magnitude of sea-level rise/fall, or may be explained by subsidence being 
greater during the lower and upper units, opposing any fall in sea-level and hence not 
recording intertidal facies. There is, however, little evidence of synsedimentary fauldng, or 
of the complex being thicker from one margin to another. This would suggest that the reef 
complex was not developed upon a fault block, and that differential subsidence did not 
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play an important role. True variations in magnitude of sea-level fluctuation could be 
derived from composite eustasy, where for example, a precessional cyclicity could be 
overprinting an eccentricity cyclicity. During such a period of time, the interaction of the 
two orders of cyclicity would produce variable magnitudes of sea-level change, as seen in 
VoBbeck quarry. The origin of these variations will be further discussed in Section 6.6.3. 
Average cycle thickness for VoBbeck quarry is 4.38m. 
6.5.6.3 Trough 
Langenaubach Reef Complex 
Langenaubach Reef Complex is one of the smallest complexes studied, with an area of 
20km^. Only one short succession in the back-reef facies was studied at Medenbach 
quarry, due to accessibility problems. Medenbach quarry exposes lagoonal facies which 
have been variably dolomitised. Facies are entirely subtidal in nature and are dominated by 
Amphipora floatstones and bafflestones. Poorly-fossiliferous horizons are identified, but 
are rare. Cyclicity is very poorly developed (Fig. 6-15c). A2 type cycles are typical, having 
a thick Amphipora-rich base and capped by a thin poorly-fossiliferous horizon. This cycle-
type represents a decrease in diversity of organisms and decrease in circulation up through 
the cycle. Cycle thickness is variable, from 3.6m to 14.4m. Average thickness is 7.18m, 
substantially thicker than any of the other reef complexes. 
The succession at Medenbach quarry was situated in the deep central lagoon of the reef 
complex. Other successions do expose tidal-flat facies, which appear to be cyclic (Krebs, 
1966). This would suggest that small-scale relative sea-level fluctuations did occur, yet 
they may have been too small to affect the deeper-water environments. 
6.5.7 Magnitude and duration of small-scale relative sea-level fluctuations 
To determine the magnitude of relative sea-level change needed to produce a metre-scale 
cyclicity, one must turn to the environmental information provided by fauna, flora and 
sedimentology. Chapters 3 and 4 extensively discuss the environmental interpretations for 
faunas, floras and microfacies, and these interpretations will be used to infer magnitudes in 
sea-level fluctuation. Table 6-5 provides a summary of these data. 
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Figure 6-15 Fischer plots for a) Oberrodinghausen 
quarry, Balve Reef Complex, b) Vofibeck quarry, 
Domap Reef Complex, and c) Medenbach quarry, 
Langenaubach Reef Complex. 
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Microfacies Environmental evidence Approximate water depth 
SI Transgressive lag ?l-3m 
82 Bulbous stromatoporoids, low-energy >3m 
83 Stachyodes-rich, storm derived ? 
84 Amphipora-rich, low-energy, restricted 
circulation 
~lm 
85 Restricted faunas, bioturbation ?~lm 
86 Rich in dasyclads, vertical fenestrae, 
oncoids, low-energy, restricted 
~lm 
87 Peloidal grainstones, relatively high 
energy, poorly fossiliferous 
<lm 
88 Irregular, birdseye fenestrae intertidal 
89 Meniscus and microstalactitic cements intertidal-supratidal 
810 Laminoid fenestrae, microbial laminites intertidal 
811 Reworking of desiccadon cracks high intertidal to supratidal 
812 Cyanobacteria, mud cracks high intertidal to supratidal 
813 Unfossiliferous dolomicrites, 
pseudomorphs of evaporite minerals 
supratidal 
814 Calcrete development supratidal/subaerial 
Rl Open marine faunas, good preservadon, 
below storm wave-base 
~>10m-30m 
R2 Reworking, broken-up faunas, between 
storm wave-base and fair-weather wave-
base 
~5m-20m 
R3 Reworking, broken-up faunas, between 
storm wave-base and fair-weather wave-
base 
~5m-20m 
R4 Oolite banks, shallow waters <5m 
R5 Well-preserved faunas, restricted 
circulation, subtidal, bioturbation 
?<5m 
R6 Highly restricted ostracode 
assemblages, low-energy, rare storm 
beds 
shallow restricted 
R7 laminated dolomicrites intertidal to supratidal 
Table 6-5 Estimated depositional water depths for the 21 major microfacies. 
Using the approximate depositional depths of microfacies, it is clear that cyclicity within 
the shelf (S- microfacies) recorded relative sea-level fluctuadons of a maximum of 3m, and 
most fluctuadons were probably in the range of l-3m. Accurate relative sea-level 
fluctuations for the ramp (R microfacies) are a little more difficult to determine, since the 
facies could have been deposited in a wider range of water depths (Preat and Weis, 1994; 
see Table 6-5). It is probable that fluctuadons with a magnitude of l-3m were occurring 
on the ramp also, but whether the depositional environments were able to record these 
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small fluctuations is a different matter. Therefore it is likely the sediments on the ramp are 
recording a higher magnitude sea-level fluctuadon, probably 5-10 m rather than l-2m. 
The duration of cycles is very difficult to determine accurately since successions are 
incomplete, absolute dating is not on a sufficiendy high resolution, and 'missed beats', 
where there has been non-deposition through exposure (i.e., where calcretes developed) 
are undoubtedly present. Probably the best exposed and most complete succession shidied 
is at Cul d'Houille where almost the whole of the Moulin Boreux Member of the Upper 
Givedan Fromelennes Formadon is exposed. The Moulin Boreux Member encompasses 
the top of the Middle varcus to Upper disparilis conodont zones (Preat and Weis, 1994; 
Fig. 6-16). Recent estimadons of conodont zone duradon have been provided by House 
(1995a), and calculadons suggest the Mouhn Boreux Member is approximately 1.9My in 
duradon (Fig. 6-16). The Cul d'Houille succession starts 10m from the base of the Moulin 
Boreux Member, which equates to approximately 7 cycles (average cycle thickness = 
1.52m). 38 cycles have been idendfied in the logged succession, and when accoundng for 
the extra 7 cycles, this gives an esdmate of cycle duration as 42Ky. This gives an average 
carbonate accumuladon rate of 0.037m/1000yr, similar to figures for other ancient 
carbonate platforms (e.g., 0.04m/1000yr for the Upper Cretaceous Bahama platform; 
0.05m/1000yr for the Upper Permian of Texas; 0.05m/1000yr for the Barremian-Apdan 
platform carbonates of France; from Tucker and Wright, 1992). The figure of 
0.037m/lOOOyr, however, does allow for compacdon or breaks in sedimentadon through 
exposure. 
Estimations for the cycle duration of the lower Givetian and Frasnian would be desirable; 
however, incomplete successions and poor biostratigraphical control severely hampers 
calculadons. 
Preat and Carliez (1994) have also esdmated cycle duradon using the Cul d'Houille 
succession, which has resulted in a rather different figure. They suggested that 
biostradgraphic divisions were not precise enough for the Devonian, and that resolution 
was not possible below 0.5My for each conodont zone (this was before the House (1995a) 
publicadon). Therefore they turned to Read et al. (1986), where a model for the 
generation of carbonate cycles was produced. Preat and Carliez suggested that the cycles 
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Mont d'Haurs Formation 
Terres d'Haurs Formation 
Trois Fontaines Formation 
Hanonet Formation 
Figure 6-16 Estimated duration of the Givetian conodont zones (from House, 1995a) with correlation 
to the Ardennes lithostratigraphy (from Preat and Weis, 1994). 
in the Fromelennes Formation were similar to the cycles that Read et al. (1986) modelled 
and proposed a cycle duration of 1,000 to 5,000 years for the Givetian cycles. From the 
calculated figures in this study, however, it is suggested that the 1,000-5,000 year duration 
is an underestimate. Interestingly, if 1.5m thick cycles had formed in 1,000 years this 
would give an accumulation rate a 1.5m/1000yr, at least two orders of magnitude greater 
than what is seen in other ancient carbonate platform sequences. 
Recent detailed work on the Eifelian ramp biostratigraphy, facies and cyclicity by Kasimi 
and Preat (1996) suggested that cycles were between 17,000 and 53,000 years duration, 
with an average of 35,000 years. 
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6.6 Mechanisms causing metre-scale cyclicity 
Metre-scale cyclicity is a feature of many shallow-water carbonate successions throughout 
the sedimentary record. Three mechanisms have been invoked to explain the repetition of 
these shallowing-upward cycles: sedimentary, tectonic and eustadc, and these will be 
briefly discussed in this Section. 
6.6.1 Sedimentary mechanism 
Two types of autocyclic sedimentary mechanism can be employed to explain metre-scale 
cyclicity. 
The ddal-flat progradadon model, as described by James (1984), allows shallowing-
upwards cycles to be generated by the progradation of a ddal-flat wedge under conditions 
of long-term relative sea-level rise (Fig. 6-17). The large subtidal area is the major source 
of carbonate production (the carbonate 'factory'), and these sediments are deposited on the 
tidal flats through storms, waves and currents. As the tidal flat area becomes larger and 
progrades over the platform, the area of carbonate production decreases, and eventually 
ceases to be active. The continuing relative sea-level rise will submerge these tidal flats, 
and after a certain amount of lag-time, carbonate production will be rejuvenated and the 
process will repeat itself (Fig. 6-17). For this model to be plausible, sediments must build 
up to sea level; however, cycles do not necessarily have to be laterally persistent since the 
model allows for one area to be undergoing tidal flat progradation whilst another area is 
undergoing subsidence. 
Pratt and James (1986) invoked the 'tidal flat island model' to explain laterally impersistent 
shallowing-upwards cycles. They suggested that many shallow epeiric seas (especially 
Ipwer Palaeozoic) consisted of numerous low-relief supratidal islands and intertidal banks 
which were surrounded by water. In this scenario the platform is never completely exposed 
or submerged, as tidal flat islands migrate at differing paces and have different shapes and 
sizes. Yet these settings do keep pace with long-term relative sea-level rises/falls. The 
model suggests that islands accrete vertically until sedimentation has reached the supratidal 
zone. Progradation then takes place until neighbouring subtidal areas become too small for 
tides and eventually carbonate production ceases (Fig. 6-18). The focus of sedimentation 
then shifts again, keeping this autoregulatory process continuing. Inherent in this model is 
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Tidal flat Carbonate factory 
Tida flat 
Carbonate 
II factory , 
V 
No sedimentation/lag time - transgression 
New tidal flat Carbonate factory 
Figure 6-17 Model for formation of shallowing-upwards cycles by tidal flat progradation (after 
James, 1984). See text for discussion. 
the inability to trace 'cycles' laterally, and that rise in relative sea level was constant, 
although it was acknowledged that any periods of sea-level fall would produce widespread 
synchronous exposure surfaces. 
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Shifting of island 
High tide 
Low tide 
Shifting of island 
High tide 
Low tide 
Figure 6-18 Tidal flat island model for production of shallowing-upwards cycles (after Pratt and 
James, 1986). (1) Small areas of sedimentation (tidal islands) accrete to the supratidal zone, and 
shift laterally as a result of hydrographic forces (i.e., tidal channel migration). (2) The old tidal 
island is then submerged by the continuing transgression and is able to produce sediment again (3). 
6.6.2 Tectonic mechanism 
Although it has been well established that plate tectonics has a strong influence on long-
term first order cycles, a tectonic mechanism for short term episodic creation of 
accommodation space is a little more difficult to envisage. Cisne (1986) suggested that 
synsedimentary strike-slip faulting at a platform margin would produce a small relative sea-
level rise and hence record cyclicity. This theory was used to explain the Triassic Lofer 
cycles of the Alps. A problem with this mechanism would be the periodicity. Faulting 
would have to be periodic and predictable to explain the repetition of cycles, yet faults are 
similar to earthquakes in their apparent randomness with relation to time. Cloetingh et al. 
(1985) suggested that small-scale events including earthquakes and volcanic outpourings 
will cause in-plane stress variations in the lithospheric and continental plates. Depending 
upon whether stresses were decreased or increased this would lead to subsidence or uplift 
of the basin margin and thus transgression or erosion. The calculated magnitudes of sea-
level variation as a result of in-plane stress could be in the order of 2m/1000 years. 
However, there is still the problem of periodicity of the earthquakes and volcanic 
outpourings. 
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6.6.3 Eustatic mechanism 
Glacio-eustasy is probably one of the most popular explanations for the creation of metre-
scale cycles in the geological record. It is essentially driven by orbital perturbations which 
occur on a lOKy to l.OMy periodicity and are referred to as the Milankovitch rhythms 
after the astronomer who identified them. The interactions between the Earth, Moon and 
Sun have a fundamental effect on climate as they periodically alter the amount of solar 
insolation reaching the Earth, which not only affects presence/absence of ice sheets, but 
also changes climatic regimes, and erosional and weathering processes (House, 1995b). 
Three different durations of cycle have been recognised in the Milankovitch Band (Fig. 6-
19). 
\ \ North ecliptic 
PRECESSION 
EccEismiorY 
y OBUQUTY ^ 
North celestial 
\ ^ ' ^ pole 
Figure 6-19 Blustration of the variations in the Earth-Moon-Sun system, which effect the amount of 
solar isolation reaching the Earth. See text for details. 
Precessional cycles record the wobble of the Earth's axis, which is a function of the Sun 
and Moon pulling on the Earth's equatorial bulge. At present-day the projected axis of the 
Earth lies close to the Pole star; yet the movement of the axis through time follows a 
roughly cone-shaped envelope, returning to its original position every 19-23Ky 
(Schwarzacher, 1993). As a result the equinoxes move around the elliptical orbit of the 
Earth and thus change the contrast between summer and winter temperatures (de Boer and 
Smith, 1994). 
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The obliquity cycle records the variation in the angle of tilt of the Earth's axis, with respect 
to the perpendicular to the ecliptic, the plane on which the Earth rotates around the Sun 
(de Boer and Smith, 1994). At present-day the plane lies at 23.5°, and this angle varies by 
3.5° fluctuating from 21.5° to 24.4°, with a periodicity of about 41,000 years (House, 
1995b). This changes the amount of solar insolation reaching the Earth from the sun and 
ctffects the climate firstly by changing the intensity of the seasons (especially at high 
latitudes) and also by altering the pole to equator climatic gradient, thus altering ocean 
circulation (House, 1995b). 
The longest cycle of the Milankovitch band is known as the eccentricity, and this records 
the path of the Earth-Moon system around the Sun. The orbit varies between near-circular 
to elliptical, and when it is elliptical there are major variations on the amount of insolation 
which the Earth receives. The amount can vary by up to 30% at extremes of the ellipse 
(House, 1995b). The eccentricity of the orbit is highly variable; however, the 106Ky and 
410Ky cycles are the strongest. 
Astronomical forcing has a direct effect on eustasy because it alters the climate and more 
importantly glacial ice volumes. During times of maximum ice development, global sea-
level is low since the water is taken up in ice. Alternatively, when glaciers are melting, sea 
level will rise. The magnitude of sea-level fall/rise will also depend upon the type of 
cyclicity. Precessional cycles have a shorter duration and therefore record sea-level 
fluctuations of only a few metres, whereas, eccentricity cycles may produce sea-level 
fluctuations in the order of lO's metres. These glacio-eustatic signatures are then picked up 
in the sedimentary rock record as cycles. 
A feature of some sedimentary cycles which have been attributed to glacio-eustasy is the 
overprinting of short-term precessional cycles over longer-term eccentricity cycles (e.g., 
Triassic of northern Italy, Goldhammer et al., 1987; Goldhammer et al., 1990). Here, 
cycles are bundled into groups of five, where the basal cycle is thickest and following 
cycles progressively thin upwards until the base of the next bundle of cycles. The amount 
of subsidence will also affect how these climatic signatures are recorded in the rock record 
(Fig. 6-20; Goodwin and Anderson, 1985). At this point, it should also be noted that 
different cycles have different 'curves' (Hardie, 1986). From the sea-level curve which was 
derived for the last 125,000 years, it is clear that precessional cycles are symmetrical, yet 
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eccentricity cycles are strongly asymmetrical (Fig. 6-21). The asymmetrical sea-level curve 
is explained by a ice melting at a much faster rate than it does to form. Therefore, sea-level 
rise is quick, yet sea-level fall is at a more steady pace. 
Precession and eccentricity 
•Precession Eccentricity 
(20,000yr) (100,00yr) 
Figure 6-20 General model for metre-scale cyclicity produced by glacio-eustasy. In this model 
precessional cyclicity is superimposed upon the eccentricity cyclicity, and modelled for various 
subsidence rates (A, B, C). Where there is a low subsidence rate the resultant sediment package may 
have abundant erosion surfaces (A'), and where there is a high subsidence rate thick sediment 
packages will be deposited. From Goodwin and Anderson (1985). 
Chapter 6 • 266 
Middle and Upper Devonian relative sea-level fluctuations 
TkOUSANDS OF YEARS BEFORE PRESENT 
0 40 80 120 160 




Figure 6-21 Sea-level curve for the last 125,000 years. Note the superimposition of 20,000 year 
cyclicity on a 100,000 year cyclicity. Note also the asymmetry of the 100,000 year cycle (from 
Hardie, 1986). 
Clearly when icehouse climates prevail (i.e., the lower Cambrian, much of the 
Carboniferous-Permian, and the Tertiary), orbital forcing will inevitably produce waxing 
and waning of ice-sheets. But how do these orbital perturbations influence the ocean 
volumes in greenhouse periods, when there are no polar ice caps (such as in the Givetian 
and Frasnian when mean temperature was 30°C; Brand, 1989)? The amount of solar 
insolation reaching the Earth is still variable, whether there is continental ice or not. Simple 
principles behind thermal expansion of water can account for sea-level fluctuations in the 
order of Im per °C (Donovan and Jones, 1979). This is within the correct order of 
magnitude, considering small-scale sea-level fluctuations are only a few metres in the 
Middle and Upper Givetian. It is appropriate for greenhouse times that orbital forcing 
signatures are termed orbital-cycles rather than glacio-eustatic cycles, since this does not 
imply that continental ice was necessary for the model. 
Wright (1992) recognised that cycles which developed during greenhouse periods were 
much thinner and of shorter duration than those seen in icehouse times and suggested that 
they formed in response to the smaller amplitude precessional and obliquity cycles, and 
that the eccentricity cycle was not recorded. Only third-order changes influenced the types 
of small-scale cycle developed (Wright, 1992). Compared to the icehouse cycles, 
greenhouse cycles typically have only thin subtidal bases with substantial intertidal-
supratidal caps. This was because the changes in insolation triggered only small sea-level 
fluctuations, resulting in the creation of only minor accommodation space which could be 
quickly filled by shallow-water sedimentation. 
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The signatures which distinguish an orbital forcing mechanism from both tectonic and 
autocyclic mechanisms is that cycles will be traced laterally on a regional or even global 
scale, and cycles wiU show a periodicity. 
6.7 Discussion 
Differentiating between the three mechanisms when assessing a sedimentary section is not 
straightforward. Therefore, Table 6-6 presents evidence for and against each mechanism. 
Mechanism 
Sedimentary 
Evidence for • 
•Inability to trace single cycles laterally 
(may be just a function of poor outcrop, 
however) 
•Mechanism would produce idealised 
shallowing upwards cycle 
Evidence against X 
X Presence of entu-ely subtidal cycles 
XCycUcity also seen in deep-water and 
reef-core facies 
X Some cycles have transgressive facies at 
their base 
X Development of calcrete horizons 
Tectonic •Most isolated platforms are developed 
upon active fault blocks, and the shelf is 
dissected into fault blocks each with 
differential subsidence 
•Evidence of synsedimentary volcanic 
activity 
X Mechanism cannot 
repetitiveness of cycUcity 
account for 
X Presence of transgressive deposits at the 
base of cycles 
X No evidence of coarse grained debris shed 
off fault blocks 
Eustatic •Cycles are regular 
•Duration of upper Givetian cycles 
calculated at -42,000 years, well within 
Milankovitch band (obliquity cycles) 
•Greenhouse climate, therefore cycles 
likely to be of a shorter duration and 
magnitude (e.g., obliquity) 
• C a n laterally correlate packages of cycles 
•Cychcity not restricted to lagoonal facies, 
also seen in the reef-core and in deep-water 
facies 
•Mechanism can explain transgressive 
facies at bases of cycles, and also prolonged 
subaerial exposure through missed beats 
•Devonian metre-scale cycUcity is evident 
world-wide, mechanism needs to be global 
and not local 
X Do not often see a well-developed pattern 
in superimposition of cycles 
X Cycle-types are not restricted to specific 
parts of the sea-level curve 
Table 6-6 Pros and cons of the three major mechanisms giving rise to metre-scale cyclicity. 
Although the sedimentary mechanisms proposed by Pratt and James (1986) and Ginsburg 
(reviewed in James, 1984) provide good explanations for the development of some 
regressive type B cycles in the study area, the inability to account for many other features 
Chapter 6 •268 
Middle and Upper Devonian relative sea-level fluctuations 
makes the mechanism doubtful. For example, a large percentage of the cycles in the study 
area are entirely subtidal in nature. This is not easily explained by the autocyclic 
mechanisms, as it is imperative in their models that sediments build up to the intertidal 
zone as this is what eventually terminates carbonate production. Therefore, ideally, only 
cycles with peritidal caps should develop. The establishment of calcrete horizons also 
proves difficult to explain. Prolonged subaerial exposure is interpreted when calcretes are 
developed, and many of these calcretes show pendant or microstalactitic cements. 
However, as Elrick (1995) pointed out, if autocyclic processes were the driving force 
behind cycle development, vadose features would not be able to form since there would be 
no hydraulic head to push meteoric fluids down through the sediment. Hardie et al. (1991) 
have contested that vadose cementation is occurring in supratidal flats in the present-day 
Bahamas, an area which has been subjected to continuos sea-level rise. However, there has 
been no evidence for prolonged subaerial exposure in these supratidal environments. 
Another strong argument against an autocyclic process is that many cycles show 
transgressive facies at the base. In both autocyclic models sedimentation is supposed to 
cut-out when the carbonate factory becomes areally restricted. It is not until the area has 
subsided (or until the island has shifted with the tidal island model) that circulation is 
restored, and sedimentation can continue. This mechanism will not allow for 'transgressive' 
facies to be deposited because the transgression can only occur if carbonate production 
ceases. The final piece of evidence precluding a tidal-flat progradation mechanism is that 
cyclicity is also seen in the reef-core facies (e.g., at Bleiwasche Reef Complex; Stadter and 
Koch, 1987) and also in deep-water facies (i.e., the Givetian rhythmic pelagic micrite/marl 
beds of the Montagne Noire, House, 1995a; Upper Devonian banded shales of the Rhenish 
Slate Mountains, Piecha, 1993). This contemporaneous cyclicity must be driven by an 
external force. 
The tectonic mechanism rules itself out almost straight away, as it does not have the abihty 
to create predictable, periodic movements on a continual basis. Normal fault movement is 
often clustered in time, and separated by uncertain time periods (Satterley, 1996). The 
magnitude of movement is also likely to vary (Satterley, 1996). However, there is lots of 
evidence to suggest that tectonic movement may have modified cyclic signatures. During 
the lower Givetian, for example, there is clear evidence that differential subsidence on fault 
blocks gave rise to condensed successions (i.e., Vaucelles), and it was also interpreted that 
Chapter 6 • 269 
Middle and Upper Devonian relative sea-level fluctuations 
some fault blocks were relatively elevated compared to others (compare for example the 
lower Trois Fontaines Formation at Resteigne and Froid Lieu). Many of the isolated 
platforms were constructed on tilted fault blocks, which were clearly active during reef 
growth as there is evidence of gross thickness variations across the platform. Many 
isolated complexes also show evidence of volcanic outpourings, presumably related to 
fault movement. Although tectonism clearly influenced Middle and Upper Devonian 
platform development, it is doubtful that it was the major mechanism producing the pulses 
in creation of accommodation space. 
The most attractive mechanism, which can explain the majority of the features discussed in 
this Chapter, is orbital-forcing. One of the most important features of the orbital-eustatic 
mechanism is that it can explain the wide array of cycle-types described in the area. 
Subtidal and peritidal cycles are common in the Devonian, and these can both develop as a 
result of ocean-level fluctuations. There is no necessity for cycles to aggrade to sea-level, 
since carbonate production will continue and sediments will continuously aggrade until 
there is another rapid flooding event. It has been suggested that the relative sea-level 
fluctuations needed to produce the cycles are in the order of l-3m. Where sedimentary 
environments are shallow enough to record these fluctuations, a well-developed peritidal 
(type B) cycle is deposited. However, where sedimentary environments are deeper (such 
as in the deeper-water lagoons of the isolated complexes) these metre-scale sea-level 
fluctuations may be of a large enough magnitude to alter substantially the sedimentary 
environment. This may explain why many of the deeper central lagoons in the isolated 
carbonate complexes have much thicker subtidal cycles, as they may represent longer term, 
higher magnitude, sea-level fluctuations rather than metre-scale fluctuations. 
The orbital forcing mechanism can account for transgressive deposits at the base of cycles. 
The rate of sea-level rise is important when considering the ability for sediments to be 
deposited. If the rate of sea-level rise is high, carbonate production is likely to severely lag 
behind the creation of accommodation space and thus sediments will not be deposited. 
However, when the rate of sea-level rise is slower, sedimentation may be able to track the 
transgression. The rate of absolute sea-level rise is unlikely to change for any specific 
orbital cycle; however, a composite eustasy, where there are two or more orbital forces 
interacting will modify the rates, by either exaggerating or nullifying them (see Figure 6-
20). In an ideal situation this would produce a predictable distribution of transgressive-
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regressive and regressive cycles, yet this is not seen in the studied successions. It is 
possible that this pattern is being overprinted by tectonic or autocyclic modifications, or 
that the actual lag-time, when carbonate production needs to re-establish itself after 
exposure, is variable. The answer is difficult to differentiate. 
Section 6.5 portrayed how packages of cycles could be correlated over a large area, 
attesting to a regional rather than local control. Individual cycles have been estimated as 
representing approximately 42,000 years. Although this is a very rough calculation, and 
other estimates are unable to be substantiated due to lack of biostratigraphic control, it 
does lie within the Milankovitch band, and is most likely to represent the obliquity cycle 
(Table 6-7). 
Cycle Cycle duration in the Mid-Devonian 
Precession 16.8Ky, 19.9Ky 
Obliquity 32.1Ky, 39.5Ky 
Eccentricity 123.0Ky, 413.9Ky 
Table 6-7 Calculation of Middle Devonian orbital frequencies (from Berger et al., 1989a, b). 
In some successions (i.e., the middle Givetian Linhay Hill quarry), there is a Tjundling' of 
cycles (between 4-6) which show thinning-upwards stacking patterns. This may suggest 
the effect of composite eustasy, where precession cycles were superimposed upon an 
eccentricity cycle. Composite eustasy is apparent in all successions as variations in cycle 
thickness pick out longer-term accommodation trends (as seen on Fischer plots). If eustasy 
was the only mechanism influencing cycle-development, one might expect an idealised 
distribution of cycle types, where thicker subtidal-cycles showing retrogradational 
thickness trends were dominant in the transgressive part of the succession and truncated 
peritidal cycles were more common in regressive parts of the succession. However, this 
pattern is not seen, suggesting that subsidence may have been variable through time and 
that autocyclic processes were overprinting the eustatic signature. 
Although packages of cycles could be traced across the platform, it was impossible to 
trace individual cycles. Indeed, where cycle packages could be traced, some successions 
contained more cycles than others. This anomaly can be explained in two ways. Firstly, 
cycle origin could be completely autocyclic, wherein individual cycles are not likely to be 
traced. However, as mentioned above there are several lines of evidence against this 
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mechanism. Secondly, there could be 'missed beats', where sedimentation was either too 
deep to record the small-scale sea-level fluctuations (such as in the central lagoons of the 
isolated platforms) or where the area was exposed, for example during calcrete 
development. It is possible that the calcretes represent several 'missed beats', as they are 
interpreted to have taken a substantial amount of time to form. 
Although orbital forcing is the most attractive explanation for cycle development, it clearly 
does not work on its own. Tectonic influences such as variable subsidence rates invariably 
modify cycle-type distribution, and it is highly likely that autocyclic processes did affect 
cycle development. However, it is suggested here that orbital forcing is the primary 
mechanism for cycle development and best explains the features seen in the Middle and 
Upper Devonian strata. 
Other people have worked on the cyclicity of the study area, notably Preat and Carliez 
(1994), Weis and Preat (1994), Preat and Weis (1994), Kasimi and Preat (1996), and 
Carliez and Preat (1997) in the Ardennes, Hering (1994) in the Bergisch Gladbach isolated 
platform of Germany, Schudack (1993,1996) in the Balve Reef Complex and Hong (1992) 
in the Brilon Reef Complex. Much of the work in the Ardennes area by Preat and his co-
workers has suggested that the metre-scale cycles (which they have termed both 5th and 
6th-order in different publications and have interpreted to be only 1,000-5,000 years in 
duration) result from very low amplitude relative sea-level oscillations which were 
essentially controlled by subsidence. They also said that the bundling of the cycles into 
parasequence sets did not indicate orbital forcing within a Milankovitch band. Clearly there 
are problems with these interpretations, as many of them are based on the anomolously 
low cycle duration. A subsidence-controlled cyclicity cannot explain many of the features 
that have been described in Section 6.5, and therefore it is suggested here that it is an 
insufficient mechanism. Hering (1994) produced an extremely detailed piece of work on 
the sedimentology and cyclicity of the middle Givetian Bergisch Gladbach isolated 
platform in Germany. He recognised two orders of cyclicity which could be attributed to 
Milankovitch rhythms and therefore suggested an orbital forcing control. Schudack (1993) 
suggested that the metre-scale cyclicity which was developed on the tidal flats of the Balve 
Reef Complex could be attributed to abrupt subsiding movements on the Lenne fault, to 
the northeast of the complex. More recent work, including spectral analysis and a more 
thorough biostratigraphy, has calculated the metre-scale cycles to have had a duration of 
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21,500 years. It was also interpreted that these cycles were superimposed upon a 400,00 
year cycle. Therefore, in 1996 Schudack suggested that Milankovitch forcing was the most 
likely mechanism causing the cyclicity. Hong (1992) also attributed cyclicity in the Brilon 
Reef Complex to eustatic sea-level fluctuations. 
Small-scale cyclicity in the Devonian is apparent worldwide. It occurs not only in shallow-
water carbonates (e.g., USA - Goodwin and Anderson, 1985; Dorobek, 1987; Elrick, 
1995; Yang et al., 1995; Canada - Harvard and Oldershaw, 1976; Wong and Oldershaw, 
1980; Fejer and Narbonne, 1992; McLean and Mountjoy, 1994; China - Yuansheng et al., 
1996; Poland - Preat and Racki, 1993; Australia - Playford, 1969; Read, 1973), but also in 
marine clastic systems (USA - Brett and Baird, 1996; Batt, 1996), alluvial settings (Ireland 
- Kelly and Sadler, 1995), lacustrine settings (Scotland - Donovan, 1980; Astin, 1990) and 
deep-water settings (France - House, 1995a). Interestingly, only three of the publications 
cited above do not attribute the cyclicity to orbital perturbations (Wong and Oldershaw 
(1980) and Morrow and Labonte (1988) suggested autocyclic mechanisms, whereas Preat 
and Racki (1993) suggested local fault-block movement). Read (1973) did not attribute 
any mechanism to the observed cyclicity in the Canning Basin, Australia. One might infer 
from this that Devonian cyclicity has been recorded worldwide and that it is not just 
restricted to tidal-flat facies; thus an orbital forcing mechanism would appear to be the 
most likely explanation. 
6.8 3rd order eustatic fluctuations of the Givetian and Frasnian 
Four major transgressions are recorded in the Middle Givetian-Middle Frasnian strata: at 
the base of the Terres d'Haurs Formation, at the base of the Fromelennes Formation, at the 
base of the Frasnian and at the base of the nodular limestones/Mantagne Shale (Fig. 6-22). 
The transgressive facies are characterised by open-marine sediments, with rich faunal 
diversities (argillaceous shales, marly shales, limestone turbidites). They are correctable 
worldwide and fit in well with sea-level curves pubhshed by Johnson et al. (1985) (Fig. 6-
23). Regressions and times of relative lowstands of sea level are characterised by the cyclic 
lagoonal facies which have been the focus of this study. 
Several orders of cyclicity have been identified in the successions studied for this thesis. 
The metre-scale cycles have been extensively discussed, and are interpreted to originate 
from orbital forcing processes (precessional/obliquity cycles) although autocyclicity and 
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tectonics are overprinting signatures. These are 5th-order cycles (i.e., durations of 10,000-
100,000 years). Metre-scale cycles show trends in cycle thickness, which can either be 
thinner than average, average, or thicker than average, which appear on a Fischer plot as 
falling limbs, horizontal sections and rising limbs, respectively. These reflect longer-term 
trends in accommodation space, produced by a combination of eustasy and subsidence. 
These cycles roughly approximate to a 100,000 year to 500,000 year (eccentricity?) 
cyclicity, and are 4th order cycles. Large scale 3rd order transgressive-regressive 
'sequences' are in the order of 3-4My duration. The whole of the Devonian shows a broad 
transgressive trend, from base to top, and these 3-4My cycles are also superimposed upon 
this trend (Johnson et ai, 1985; Fig. 6-23). 
6.9 Summary 
In summary, two major types of metre-scale cycle have been identified in the studied 
successions. Subtidal cycles (type A) show a decrease in circulation, decrease in diversity 
of organisms and increase in fluctuation of salinity upwards through the cycle. Peritidal 
cycles (Type B) shallow upwards from a subtidal base through to an intertidal or supratidal 
cap. The distribution of these cycle-types is related to the amount of accommodation space 
available, which in turn is controlled by subsidence and small-scale sea-level fluctuations. 
Subtidal cycles seem particularly common within the isolated carbonate complexes; 
however, this may just reflect the fact that the logged successions were located in the 
central subtidal lagoon, rather than on the tidal flats. Both peritidal and subtidal cycles are 
identified in the shelf lagoon, and their distribution is related not only to longer-term sea-
level fluctuations, but also to differential subsidence. Cycles are mainly regressive in 
character; however, transgressive-regressive cycles are not uncommon. Their distribution 
does not produce a clear pattern, and deposition of the transgressive deposits could either 
be attributed to the rise in relative sea level being slow enough so that carbonate 
production was able to pace it, or that the lag time was variable for carbonate production 
to restart after the initial transgression. 
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Figure 6-22 Eustatic sea-level curve for the Givetian and Frasnian. Absolute time-scale from 
Fordham (1992). Conodont zone duration from House (1995a) and Fordham (1992). 
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Figure 6-23 Eustatic sea-level curve produced by Johnson et al. (1985), with comparison to major 
transgressions identified in the study area. 
Long-term evolution of the cyclicity through the Givetian and Frasnian in the shelf lagoon 
can be determined; however, due to poor biostratigraphical control this is not possible for 
the isolated complexes. Correlation between packages of cycles which showed similar 
thickness trends could be made across the platform; yet, tracing individual cycles was not 
possible. It was concluded that the metre-scale cyclicity was most likely to have been 
controlled by short-term (20,000 year to 40,000 year) orbital perturbations. Cycle duration 
for the upper Givetian was calculated at 42,000 years, and the magnitude was probably in 
the order of l-3m. Overprinting this orbital-forcing signature were the effects of autocyclic 
processes (tidal-flat progradation) and differential subsidence of fault blocks. Differential 
fault-block movement was of great importance as it had a strong influence on the cycle-
type distribution, where subtidal cycles were common in rapidly subsiding fault blocks, and 
peritidal cycles were common in stable elevated blocks. Several scales of cycle were 
interacting with each other, where metre-scale cycles (5th order) were superimposed upon 
4th order cycles (100,000-400,000 years), which were then superimposed upon 3rd order 
cycles (3-4My in duration). Third-order cycles are delineated by major marine 
transgressions which can be correlated worldwide. 
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7. Synthesis and conclusions 
This thesis has presented the results of fieldwork and laboratory work to describe and 
interpret the Middle to Upper Devonian shallow-water cyclic carbonate successions of 
western Europe. This chapter synthesisesthe information and provides a summary of 
conclusions. 
7.1 Comparisons between the shelf lagoon and isolated platforms 
It is useful, at this point, to summarise the main differences between the Devonian shelf 
lagoon and isolated platforms, with regards to the size, facies distributions, cyclicity and 
influence of tectonics/volcanics (Table 7-1). 
One of the major differences between the shelf and isolated complexes is the size. The 
shelf lagoon is clearly much larger than the isolated complexes, covering an area of 
approximately 15,000km^. The influence of volcanics is very limited in the shelf lagoon, 
suggesting there are few volcanic centres within the shelf, yet there are centres near 
Torbay and within the Rheinisches Schiefergebirge. All areas appear to have been hugely 
influenced by synsedimentry tectonics, which resulted in thickness variations across the 
platforms. 
The facies seen in the shelf lagoon and in the lagoons of the isolated complexes are not as 
different as one may have first thought. Reef-derived deposits (microfacies S3) are lacking 
in the shelf lagoon, yet many of the other facies occur in all settings. It is very noticeable 
that intertidal and supratidal deposits are far more abundant in the rimmed-shelf rather than 
in the isolated platforms. In many modem day rimmed-carbonate platforms, tidal flat areas 
are extensive. For example the Arabian Persian Gulf Trucial Coast has a protected lagoon 
behind oolite banks. The subtidal lagoon itself is probably only approximately 5km wide, 
whereas the extensive tidal flats are up to 10km in width (Shinn, 1983a). The internal 
composition of these tidal flats is not comparable to the Devonian shelf since they have a 
high anhydrite and gypsum content, reflecting the arid climate. However, the Trucial Coast 
can be used as an example of how lagoons can have extensive tidal flat areas. By way of 
contrast, in many modem-day atolls, irrespective of their size, lagoon beaches or protected 
tidal flat environments cover only a small area compared to the subtidal environments 
(Wiens, 1962). Although the Devonian isolated platforms are not true atolls, their size and 
shape are comparable to the modern-day atolls and this may be a useful analogy as to why 
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tidal flat environments are not extensive in these small isolated platforms. It is also 
important to realise, however, that when studying the isolated platforms only a very 
'limited' area of the platform is being examined. Therefore it is statistically more likely to 
sample an area within the subtidal lagoon rather than the tidal flats. With these 
considerations in mind it is important to consider all information provided by the literature 
with regards to which other facies are present, especially in study areas with poor outcrop. 
Characteristic 
mm 
Shelf lagoon Shelf-edge isolated 
platforms 
Inner shelf isolated 1 Isolated platforms 
platforms jiiaiitf" trough 
Size ~ 15,000km- 70 km--1,000km- '? -20km^ 
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Rare tuff bands. Apparent at Torbay 
and Brilon. 
Lavas at Balve, not 
present at Domap 
Extensive 
volcanism 
Table 7-1 Summary of the main characteristics of the shelf lagoon and lagoons within the isolated 
complexes. 
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Cyclicity is developed in all settings, yet it is best developed in tidal-flat environments (i.e., 
shelf lagoon and where the tidal-flat facies have been examined in the isolated platforms). 
In the deeper central parts of the lagoons a cyclicity is still recorded, but the cycles are 
thicker than in tidal flat environments. It has been interpreted that the magnitude of sea-
level fluctuation (l-3m) may not have been deep enough to penetrate the central lagoons, 
and only when relative sea-level magnitudes are higher can a change in facies occur. The 
cycles within the subtidal lagoon therefore represent a longer-term cyclicity. 
This study thus concludes that although the size, shape and settings associated with the 
Middle Devonian carbonate complexes differ, the same faunas and floras inhabit the 
lagoons, sedimentological processes within the lagoons are similar and extemal forces such 
as tectonics and orbital forcing clearly influence facies distributions. The only major 
difference is that tidal flats appeared to have been more extensive in the broad shelf lagoon 
compared to the interiors of the isolated platforms. 
7.2 Summary of conclusions 
"iV Middle and Upper Devonian carbonates were deposited during a large-scale, long-term 
transgression over continental Old Red Facies. The transgression was diachronous, 
reaching the southern parts of the Ardennes/Eifel areas by the lowermost Eifelian and the 
northern parts of the Rheinisches Schiefergebirge by the late Givetian. 
^ T h e Middle and Upper Devonian carbonate platform could broadly be divided into 
three major palaeosettings. 
ik The Ardennes area saw the development of a homoclinal ramp in the Eifehan. The ramp 
was storm influenced, and possessed rich open-marine faunal assemblages. Microfacies 
analysis identified seven major facies within the Eifelian-lower Givetian ramp setting, 
which ranged from open-marine below wave-base, through to intertidal. Intertidal facies 
were recorded as laminated, unfossiliferous dolomudstones. Restricted environments, 
where circulation was poor and salinities were fluctuating were dominated by Leperditia 
ostracodes. It is thought the ramp may have been of a beach barrier-lagoon system which 
would account for the restricted facies. Oolitic, peloidal and bioclastic grainstones were 
deposited as impersistent sand banks around fair-weather wave-base where there was 
constant attrition. In slightly deeper waters, between fair-weather and storm wave-base, 
bioclastic packstones (with skeletal debris derived from shallower waters) and 
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stromatoporoid floatstones were deposited. Bioturbated mudstones and wackestones 
were deposited near or just below storm wave base. 
The base of the Givetian saw the transition from a ramp to shelf geometry over much of 
the Ardennes area. Stromatoporoid reefs developed along the shelf edge and provided 
protection for an extensive shelf lagoon. The shelf area extended from Boulogne in the 
west and to Aachen in the east. Shelf sedimentation continued through to the middle 
Frasnian, until subsidence and a major transgression drowned the platform. 
Isolated carbonate platforms developed in the Rheinisches Schiefergebirge area of 
Germany and in southwest England. Six isolated platforms were studied. Attendom Reef 
Complex, Brilon Reef Complex and Torbay Reef Complex were positioned on the shelf-
edge, Balve Reef Complex and Dornap Reef Complex were located within the shelf and 
Langenaubach Reef Complex was positioned within the trough. 
iHt Because of their areal extent, lagoonal environments were extensively studied in shelf 
and isolated complexes. Faunal and floral distributions were related to circulation, 
salinity and exposure. In the highly restricted lagoons leperditiid ostracodes, gastropods 
and calcispheres were present. The restricted lagoons hosted a large abundance of floras: 
Dasycladaceae, Codiaceae, Girvanellids, Hedstroemids, and Renalcids. There was also a 
rich microfossil assemblage of parathuramminid forams, calcispheres, and ostracodes. 
Rare macrofossils included Amphipora, bulbous stromatoporoids, thamnoporoids, and 
molluscs. The high-energy back-reef and reef environment was home to many robust 
macrofossils including laminar stromatoporoids, domal and larger bulbous 
stromatoporoids, branching stromatoporoids (i.e., Stachyodes), corals, Stringocephalus 
brachiopods, molluscs and crinoids. 
Using palaeontological and sedimentological information, a microfacies scheme could 
be devised for the Middle and Upper Devonian lagoons. Fourteen major microfacies 
were identified which could be divided into four groups. The semi-restricted subtidal 
microfacies group had a rich faunal assemblage which, although diverse, did not 
represent fully open-marine deposition. Sedimentation was entirely subtidal in nature. 
This broad facies band was thought to have been deposited near or at the immediate 
back-reef environment. The restricted subtidal microfacies group was either 
characterised by monospecific fossil assemblages (chiefly molluscs or amphiporoids), or 
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by macrofossil-poor facies. These facies represented poorly circulated, subtidal, stressed 
environments which may have been subjected to fluctuating salinities. The intertidal 
microfacies group was characterised by fenestral limestones, which were commonly 
poorly-fossiliferous. Finally the supratidal microfacies group was typified by 
dolomudstones, microbial laminites or calcrete development. 
1^ The development of the shelf lagoon and lagoons located in the isolated complexes 
were subject to a complex interaction of parameters. In the shelf lagoon there is evidence 
of thickness variation across the shelf, which can be attributed to differential subsidence 
of the fault blocks which dissect the lagoon. The subsidence of these fault blocks also 
influenced the facies distributions. Rapidly subsiding fault blocks were generally 
characterised by subtidal deposition, whereas stable fault blocks allowed sedimentation 
to build up to sea level where intertidal and supratidal facies were deposited. This fault 
block movement continued throughout the Middle Devonian. The position of the 
succession in relation to the shoreline also influenced the style of deposition, since 
intertidal-supratidal facies were more likely to be deposited close to the shoreline than in 
the deeper central lagoon. Small-scale and large-scale relative sea-level fluctuations also 
strongly controlled facies distributions, and this resulted in a pervasive metre-scale 
cyclicity. 
ik The main factor governing the development of the isolated complexes was their 
position with respect to the shelf-edge. Those complexes which developed upon the 
shelf-edge were always developed upon ramp facies, showed the thickest accumulations 
and were some of the largest isolated complexes in the study area. Facies were extremely 
variable from semi-restricted subtidal through to supratidal and a metre-scale cyclicity 
was commonly well-developed. Syn-sedimentary faulting clearly influenced the 
development of many of the shelf-edge complexes, as there are major thickness 
variations across the platforms. 
1^ Reef complexes which are located within the shelf also developed upon ramp and bank 
carbonate facies, yet their sizes and thicknesses were variable. Lagoonal facies were 
generally subtidal in nature; however, this may reflect the position of the studied 
successions being in the deeper parts of the central lagoon rather than on the tidal flats. 
Therefore the apparent lack of tidal-flat facies may be a consequence of poor exposure. 
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Cyclicity is developed, yet is mostly subtidal in nature. Synsedimentary faulting is 
identified in the Balve Reef Complex, but not in the Domap Reef Complex. 
ik The isolated complexes within the trough are the smallest seen in the study area and are 
also the thinnest. The complexes developed on basalts and their initiation, growth and 
demise were controlled by volcanism. Lagoonal deposition in the studied section was 
dominantly subtidal, but this probably reflects the lack of outcrop in the palaeotidal-flat 
environment. Metre-scale cycles are much thicker than in the other complexes. 
^ Analysis of all lagoonal successions identified two major types of metre-scale cyclicity. 
Subtidal cycles show a decrease in circulation, decrease in diversity of organisms and 
increase in fluctuation of salinity upwards through the cycle. Peritidal cycles shallow 
upwards from a subtidal base through to an intertidal or supratidal cap. Cycles are mostly 
regressive, yet transgressive-regressive cycles are not uncommon. Subtidal cycles seem 
particularly common within the isolated carbonate complexes; however, this may just 
reflect the fact that the logged successions were located in the central subtidal lagoon, 
rather than on the tidal flats. Both peritidal and subtidal cycles are identified in the shelf 
lagoon, and there distribution is related not only to longer-term sea-level fluctuations, 
but also to differential subsidence of fault blocks. 
^ Fischer plots proved to be a useful correlative tool in the shelf successions. However, 
poor biostratigraphical control in the isolated complexes made correlation between the 
shelf and isolated complexes impossible. 
ik The metre-scale cyclicity was most likely to have been controlled by short-term (20,000 
year to 40,000 year) orbital perturbations. Cycle duration for the upper Givetian was 
calculated at 42,000 years, and the magnitude of sea-level rise/fall was in the order of 1-
3m. Overprinting this orbital signature were the effects of autocyclic processes (tidal flat 
progradation) and differential subsidence of fault blocks. 
ik It was concluded that several scales of cycle could be identified. Third-order eustatic 
sea-level fluctuations were delineated by major marine transgressions, and a eustatic sea-
level curve was established. This curve fitted well with other eustatic curves for the 
Middle and Upper Devonian worldwide. 
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Thin section descriptions 
A l . Thin-Section Descriptions 
The following Appendix outlines the format to which thin sections and peels were 
described, and includes a table-summary of the key features of each thin-section sample. 
It is important to note that throughout the study hand specimens, thin sections and peels 
were studied to determine microfacies features, and to allocate a microfacies number. Due 
to the high quality of thin sections it was possible to obtain detailed information about the 
texture and diagenesis of the rock. Peels showed the major components of the rocks and 
the major diagenetic features; however, the detail to which this was described was not as 
high as for the thin sections. 
The thin sections studied were mostly of a 'standard' size, 3cm x 2cm. Where textures 
were on a larger scale, 5cm x 4cm thin sections were examined. Thin sections were not 
stained. Acetate peels were made from around 130 of the larger hand specimens collected. 
Their size varied and Table Al-1 summarises the techniques which were used to make the 
peels. Acetate peels were stained using a solution of Alizarin Red S and potassium 
ferricyanide. 
1. Prepare 2 staining solutions 
A: Alizarin Red S - concentration 0.2g/100ml of 1.5% HCl 
B: potassium ferricyanide - concentration 2g/100ml of 1.5% HCl 
2. Mix solutions A and B in the proportion 150ml A to 100ml B 
3. Cut sample 
4. Polish with 400 then 1000 grade carborundum, wash thoroughly 
5. Using 5% HCl immerse polished surface for approximately 45 seconds 
6. Immerse in stain for approximately 45 seconds, agitating slightly 
7. Wash with distilled water 
8. Dry rock completely 
9. Cover surface with acetone, role acetate paper over acetone, taking care not to trap bubbles. 
10. Leave for up to half a day to try 
11. Peel acetate sheet, trim and mount between two glass slides 
Table A 1-1 Table summarising technique used to make acetate peels. 
A l . l Thin-section check-list 
The format to which thin sections and peels were described followed an amalgamation of 
points made by Fliigel (1982) (checklist for microfacies studies, p394-402) and Tucker 
and Wright (1992) (diagenetic processes, p315-316). Full petrographic descriptions were 
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made of all thin sections and peels and a summary of the components can be seen in 
Section A 1.2 
1. GRAINS 
a. Systematic designation according to groups (peloids, ooids, skeletal grains etc..) 
b. Detailed description of grains :-
i) Skeletal grains 
- whole skeletal grains or fragments 
- systematic designation according to groups, genera and species (if possible) 
- classification of algal groups 
- function of organisms as sediments binders, sediment bafflers, framework builders, or essential rock-
building constituents 
- biogenic encrustations of bioclasts 
- micrite rims around bioclasts 
- intragranular pores filled with micrite or sparite 
- are aragonitic hard parts preferentially dissolved? 
- size, sorting and rounding of bioclasts 
ii) Peloids 
- shape and rounding 
- frequency 
- size and sorting 
- occurrence of peloids, i.e., scattered, lenses, nested 
- colour and grain size of micrite in peloids and matrix 
- occurrence together with bioturbation stinctures 
- occurrence together with algae or aggregate grains 
- shelly bioclasts micritised or recrystallised? 
- do the peloids exhibit regular structures 
Hi) Aggregate grains 
- grapestones, algal lumps, or lumps 
- which particles are agglutinated? 
- are the particles in the aggregate grains truncated on the edges? 
- do the aggregate grains occur in association with algae or microbial laminites? 
- is the type of cement in the aggregate grain the same as that between the aggregate grains? 
- size 
- do the aggregate grains occur in sparry or micritic limestones? 
Hi) Oncoids 
- microbial oncoids? 
- foraminiferal oncoids? 
- shape of oncoids 
- do the oncoids exhibit a more of less regular structure or are discontinuities in growth visible? 
- do truncated or very differently orientated laminae occur? 
- are the oncoid laminae planar or crinkled? 
- size of oncoids 
- are the oncoids deformed? 
- do the nuclei of the oncoids correspond to the material available in the sedimentary environment? 
- are the oncoids embedded in a fine-grained matrix or in sparite? 
- do barrel-shaped oncoids have orientation patterns? 
- what is the frequency in comparison with other particles? 
iv) Ooids 
- superficial or normal ooids? 
- frequency, size and sorting 
- do tangential structures, radial structures, or micritic rings occur? 
- are the lamellae regularly formed or are there indications of microbial borings and microbial coatings? 
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- how thick are the ooid laminae? 
- how big are the nuclei of the ooids? 
- is the ooid size uniform, although the nuclei have different sizes? 
- what is the ratio of ooid laminae thickness to nucleus diameter? 
- do the ooid nuclei correspond to the sedimentary material available? 
- do compound ooids occur? 
- are several generations of ooid recognisable? 
- do broken ooids occur? 
- are ooids which are already present used as nuclei for new ooids? 
- are there deformed, snouted ooids? 
- do leached (half-moon) ooids occur? 
- do the ooids have a asymmetrical shape? 
- are the ooids formed together with carbonate crusts? 
- do ooids occur in a micritic or sparitic matrix? 
- do ooids occur alone, or are they mixed with other particles? 
- is the packing index high or low? 
v) Coated grains 
- which particles exhibit micrite envelopes? 
- do all or only a part of the particles have micrite envelopes? 
- can micritisation be proved? 
- is the diversity of the organisms which occur together with the cortoids low or high? 
- is there any indication of the cortoids having been transported? 
vi) Lithoclasts 
- can intraclasts and extraclasts be identified? 
- are the particles in the clasts truncated? 
- do the particles in the lithoclasts differ to other particles in the sample? 
- do the lithoclasts exhibit compaction features? 
- do the lithoclasts have a colour different to other particles? 
- are the cements in the lithoclasts and in other particles similar? 
- shape and size 
- are the clasts flat? 
- are the clasts rounded? 
- do the clasts exhibit parallel orientation or cross-bedding? 
- frequency 
vii) Terrigenous particles 
- which minerals or rock fragments occur? 
- are the mineral grains rounded? 
- frequency 
- are the minerals concentrated into certain zones? 
- are the terrigenous particles enclosed by other particles? 
c. Size, sorting, and rounding of grains 
d. Relative abundance of the grains 
2. MATRIX 
a) Homogenous or inhomogenous? 
b) Micrite/ Microspar/ Spar - relative proportions 
c) Are there clotted fabrics, bioturbation, lamination? 
3. F A B R I C 
a) Grain-support, or matrix-support 
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b) Folk/ Dunham classifications 
c) Microfacies assignation 
d) Is the fabric homogenised by bioturbation? 
e) What is the packing index or the kind of grain contacts? 
f) Do the grains exhibit a preferred orientation? 
g) Is a current-dependant inbricate-structure recognisable? 
f) Do geopetal structures exist? 
h) Do the particles exhibit graded bedding? 
i) Is the sediment laminated? 
- is the lamination faintiy or clearly marked? 
- are there laminites or rhythmites? 
- do laminated or laminoid fabrics occur? 
- thickness, continuity of laminae? 
- do the laminae exhibit erosional features? 
- which type do the laminoid fabrics correspond to? 
j) Are there fenestral cavities present? 
- shape, size, frequency 
- are there thrombolitic structures? 
- do the voids correspond to birdseyes, stomatactis or dissolution? 
- is the internal sediment micrite, laminated micrite or silt? 
- does the internal sediment exhibit cross-lamination or slump structures? 
- what type of carbonate cement is in the top part of the small voids? 
k) Are there discontinuity planes with borings? 
4. DIAGENESIS 
a) Is there microbial micritisation? 
b) Cements: 
- what types of cement (i.e., interparticle, intraparticle, shelter)? 
- how many generations of cement? 
- are there differences in colour of the various types of cement? 
- is there a micritic cement? 
- does the cement between the particles correspond to that inside the particles? 
- crystal size 
- do vadose cements occur? 
- is there vadose silt in the voids which are lined with cements 
c) Neomorphism 
- bioclasts or matrix? 
- aggrading or degrading? 
- replacement or recrystallisation? 
d) Dissolution 
-individual bioclasts or in matrix? 
e) Compaction 
- mechanical or chemical? 
f) Mineralisation 
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A1.2 Thin-section tables 
The following Sections tabulate the information collected from analysis of 420 thin 
sections and 129 peels. The tables aim to show the major features of the rock including 
microfacies assignation (as described in Chapter 4), texture (using Dunham (1962) 
classification), grains, matrix and fabrics. The tables do not cover the diagenetic features 
present in the rock. The tables are arranged in alphabetical order with respect to the name 
of the logged section. Reference should be made to Table A1-2 for explanatory notes on 




I TS = Thin Section P = Peel 
M = Mudstone W = Wackestone P = Packstone G = Grainstone 
F = Hoatstone Bf = Bafflestone Bi = Bindstone B = Boundstone 
D = Dolomite 
(NB Any combination of these symbols may be used to indicate varying textures) 
The relative proportions of grains (not whole-rock proportions) are represented as 
follows: 
0 = <1% 1-20% • = 21-40% • = 41-60% *=>61% 
(NB These percentages are determined by visual estimations - no point-counting was 
undertaken) 
M = Micrite S = Spar Ms = Microspar D = Dolomite 









^ indicates presence thereof 
If any other important information is needed it is added as a footnote, the number 
indicated in the 'others' box 
Table A 1-2 Key explaining symbols used in thin-section tables. 
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Al.2.1 Alt Breinig Quarry 
O = <1% • = 1-20% • = 21-40% • = 41-60% * = >61% 
Samplt number Alil AB2 















































1 34.0m 34.0m 
• ^ TS 
1 S12b S12b 
1 ^ G 





1 * i 
"1 Grains aligned parallel to bedding Texture 
Matrix 
M=Mudstone, W=Wackestone, P=Packston 
G=Qrainstone, F=F!oatstone, Bf= Bafflestone 
Bi=Bindstone, B=Boundstone, D=Dolomite 
M=M't:rite. Ms=Microspaf, S=Spaf, D=Dolomite 
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Al.2.2 Beauraing Quarry 
0 = <1% -=1-20% • = 21-40% •=41-60% •=>61% 
j.Sainplu iiiimher mi HG2 BG3 1{G4 HQS BG6 BG7 IiG8 HGIO BGII BGI2 
Iliii-lit ^ 1 0.5m 2.6m 3.45m 8.3m 11.5m 15.5m 19.1m 20.0m 22.1m 26.4m 29.5m 29.8m 31.9m 
TJiiii Section/ I*eci | TS TS TS TS TS TS TS TS TS TS TS TS TS 
•gcroracics 1 S4a S6b S12a SIO S12b S7a S6a S2 - S4a S12b 57a 
W M D G G G P FB M F M G G 
* # « * * « • 
Jjthoclasts • 
o 
•Kregate grains • 
Quartz/ silt grains * 
Bioclasts: 
Kulboiis .stroins. # 
Luininur stroma. 
jD^ndrnid stronis. 
Wkchyodes • o o * 
HEoiiial coral.s 




^ e l l ha.sh 



















Keiialcis (>p. • 
llcdstrotniia (Jp. 
Wt lliercdella (ip. o 








Others *1 *2 *3 *4 
*1 Altered to dolomite 
*2 Thin section through bulbous stromatoporoid 
*3 Sample of volcanic tuff7 
*4 Some bioclasts aligned parallel to bedding 
Texture 
Matrix 
M=Mudstone, W=Wackestone, P=Packstone 
G=Qrainstone, F=Hoatstone, Bf= Bafflestone 
Bi=Bindstone, B=Boundstone, D=Dolomite 
MgMiWilfe Ms5Micr<^par. S=Spat. DsBolomite 
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Beauraing Quarry 
0 = <1% • =1-20% • = 21-40% •=41-60% •=>61% 
1 Sample number BGI4 RG15 ISGK, 
Height ' 1 3S.2m 36.1m 42.8m 
|Xhin Section/ 1 TS TS TS 
Hferofacies 1 S6b S6b S6a 




























Calcisplicres • • * 









VVethercdella Gp. i 








Others •fmiMlii 1 *1 
• 1 Alignments of bioclasts parallel to bedding Texture 
Matrix 
_ tone, W=Wackestone, P=Packstone 
G=Orainstone, F=Hoatstone, Bf= Bafflestone 
Bi=Bindstone, B=Boundstone, D=Dolomite 
M=Mtcritg. Ms=Microspar, S=Spar, E>=Dolomite 
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Al.2.3 Bellignies-Bettrechies Quarry 
0 = <1% -=1-20% # = 21-40% • = 41-60% #= >61% 




1 1.8m 4.5m 6.4m 16.9m 19.5m 21.5m 22.8m 26.8m 28.8m 28.98 36.1m 40.3m 42.6m 
TS TS TS TS TS TS TS TS TS TS TS TS TS 
R2 R4a R4b Rl R6 R7 R7 R4b R4b R7 R4a R4c R4b 
Texture 
Grains: ' V H I 
Peloids ^ l l 
WP G G W WP D D G C M G G G 
• * * « • . • . 
Lithoclasts _ J 
Oncoids J H H 
Ooids '""'^ 
o • • • * 
Aggregate gra igsJ 
Quurt/V silt g o H 
Bioclasts: 
Bulbous stronis. 
Laminar stronis. y 




Solitary corals ! 
Tiianmuporoidlgi 
Bivalves ^ v H | 
Gastropods ^ 
o ________ * 
Shell ha.sh • 
Brachiopods * 
llrachiopod spines 



















Wethercdella Gp. 1 
Matrix i M,D S S M M,S D D S M.S M S,M,D S.M S 
Bioturbation \ V 




Gravity cements i 
Lamination s 
Others irU *1 *2 
*1 Pseudomorphs of gypsum? 
*2 Possible coprolite 
Texture 
Matrix 
M=Mudstone, W=Wackestone, P=Packstone 
G=Qrainstone, F=Floatstone, Bf= Bafflestone 
Bi=Bindstone, B=Boundstone, D=DoIomite 
M=Micrite, Ms=Microspar, S=Spar, D=Dolomite 
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Bellignies-Bettrechies Quarry 
O = <1% • = 1-20% • = 21-40% • = 41-60% • = >61% 

































Mat r ix 
Bioturbal 
Micr i tc ei 
Fwicstrat 






1 47.3m 50.5m 52.2m 61.8m 
1 TS TS TS TS 
R6a R2 Rl 
1 ^  WP P M 









M,S M M,S M 
Texture 
Matrix 
M=Mudstone, W=Wackestone, P=Packstone 
G=Orainstone, F=Hoatstone, Bf= Bafflestone 
Bi=Bindstone, B=Boundstone, D=Dolomite 
M=Micrite, Ms=M'crospar, S=Spar, D=Dolomite 
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Al.2.4 Bleiwasche Quarry 
0 = <1% • =1-20% • = 21-40% #=41-60% *=>61% 
1 Sample nunibcr BLl BL2 BU BU BL5 BL6 BLl BL8 BL9 ni.ui BlJl BU2 
jjObin Sectiun^HH 
Hferofacics | 
1 0.1m 1.3m 2.1m 3.2m 5.2m 6.4m 8.0m 10.0m 12.1m 13.2m 16.6m 16.9m 19.4m 
TS TS TS TS TS P TS TS TS TS TS TS TS 
S7a S7a S2 S3 570 S4b 58a 52 S4b 57a 57a 5«c S4b 
I G G F G P F M F F G G F F 
* « # • * . • « * * • 
ll^oclasts 
Aggregate grains 
Htatrtzy silt gra ins i 
H p b o u s ' ' • t i ' o ^ ^ H 
Dendroid str^SHH 
Stachyndes • 
Amphipiira • • « o 
( 'olonial corals \ 










0 O o 
C'aleispliercs ; • * . • . 
Koranis o . . 
Sponge spicules 
Umbellids 
Undetermined ™ ^ 
Codiuceans l l ^ H 
I)asycladac( i i n ? ^ 
(i irvanella C^p. ^ 
Kenalcis Gp. 
llcdstroeniia ( Ip . . 
Wctlieredclla Gp. i 
Mat r ix s S,M S s S,M M,S M S s S s M,S S 
Bioturbation 




Gravity cements i 
Lamina) ion i 
S S E *1 *i *3 *4 *3 *1 
*1 Sample of matrix to S2 fades 
*2 Cyanobacteria encrusting many grains 
*3 Fenestrae have internal fill of fine-giained sediment at base 
*4 Bioclasts aligned parallel to each other 
Texture 
Matrix 
M=Mudstone, W=Wackestone, P=Packstone 
G=Grainstone, F=Floatstone, B f = Bafflestone 
Bi=Bindstone, B=Boundstone, D=Dolomite 
M=Micrite, Ms=Microspar, S=Spaf, D=Bolomite 
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Bleiwasche Quarry 
O = <1% • = 1-20% • = 21-40% • = 41-60% • = >61% 
Height 1 2L7m 22.6m 23.3m 24.4m 24.8m 25.3m 27.4m 28.Sm 30.3m 33.9m 36.3m 4L4m 
^hin Sectioiiij^^B TS TS TS TS TS TS TS TS TS TS TS TS 
^BCrofacies 52 S6a 577 57a 577 S4b 56a 57a 57a S4a S4a S4a 
l ^ tu re ' ^ ^ 1 F W M G P M F W G G F F 
Grains: ' ^ ^ H 
Peloids ' ^ ^ H * « * • • * • 
Lithoclasts | ^ ^ | • 
Oncoids 
Ooids ^ ^ ^ H 
Aggregate g r l | H | 
Quartz/sil t Kianis J 
Bloclasts: J 

















Ostrocodcs ^^^^ • • 0 
l^perditia 1 
Calcispheres | • • • • 
Korams \ o o • . • o 
Sponge spicules J 
Umbellids 4 H H | 
UndeterminecHIHI 
Codiaceuns •; 
Dasycladaccaens - • * . • « 
Girvanella CJp. ^ . • 
Kenalcis Gp. i 
llcdstroemia ( ip . 
Wcthcredella ( Ip . 
Mat r ix ] S M,S M S.M M,S M S M s S M,Ms M 
Bioturbation ) •/ 






*1 *2 *3 *2 •2 
*1 Sample of matrix 
*2 Matrix is very peloidal 
*3 Alignment of grains parallel to bedding 
Textare 
Matrix 
M=Mudstone, W=Wackestone, P=Packstone 
G=Qrainstone, F=Floatstone, Bf= Bafflestonc 
Bi=Bindstone, B=Boundstone, D=Dolomite 
M=Mierite, Ms=MicroSPa'', S=Spar, D=Dolomite 
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Al.2.5 Bleiwasche Road Cutting 
0 = <1% • =1-20% • = 21-40% #=41-60% •=>61% 
Is. imple number ItRCI HRC2 HKC3 HKC4 BBC5 BBC6 BKC7 BRC8 
Height ^MMm 
Thin S c c t i o i i / ^ H j 
Mierofacies l 
Texture 
g r a i n s : 4 H | | 
1 0.4m 1.2m 2.1m 3.1m 4.9m 6.6m 8.2m 9.3m 
TS TS TS TS TS TS TS TS 
I 56a S4a S4b S6a S6a S4b S4b 57a 
W F G P WP G G G 
* • * • 
^Hhoclusts 
• p o i d s 
m i d s 
^grcgate grains i 
H ^ r t z / silt grainii^  
iHoclasts: 1 
Itulbou.s stroms. j 
Laminar stroms. 
Dendroid slronjfej 
Stachyudes - f l j j H 
Ampkipora • * . • 
Colonial corals i 





















Dasvcladaceaens * « • 
Girvanelhi Gp. 
Reiiulcis ( i p . 
iledstroemia Gp. i 
VVclhercdella Gp. 










M=Mudstone, W=Wackestone, P=Packstone 
G=Srainstone, F=Boatstone, Bf= Bafflestone 
Bi=Bindstone. B=Boundstone, D=Dolomite 
M=M'crite, Ms=Microspar, S=Spar, D=DoIomite 
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Al.2.6 Broadridge Wood Quarry 
0 = <1% • =1-20% # = 21-40% #=41-60% •=>61% 











































BWI 11W2 BW3 BW4 BW5 Bm B\V7 BWS BW9 BWJf BWI! B\yj2 
1 0.5m 7.0m 2.5m 1.0m 3.1m 1.5m 4.4m 5.0m 7.5m 8.4m 9.0m 10.4m 11.2m 1 TS TS TS TS TS TS TS TS TS TS TS TS 1 S14 56a S6b 54a S4a 52 S4a 52 5&I S6b 56a 56a 56a 1 W P M W W F F F M W M PG W W 
1 • • « • 
• 
« 
• • • 
1 
• 
• • • . 
• « f • • * 
• o • • . 
M M M M M M M M,D M,S M J ) M 
1 
{ 
1 *1 •2 *2 *3 
*1 Calcrete. Circum-granular cracks, mottled floating texture, 
sediment-filled micro-cracks 
*2 Thin section cut through bulbous stromatoporoid 
*3 Vadose silt at base of fenestrae 
Texture 
Matrix 
M=Mudstone, W=Wackestone, P=Packstone 
G=Grainstone, F=Hoatstone, B f= Bafflestone 
Bi=Bindstone, B=Boundstone, D=Dolomite 
M=Micrite, Ms=Microspar, S=Spar, D=Dolomite 
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Broadridge Wood Quarry 




































l i ioturbat ion 
Micri te envelope 
Geopetuls 
( i ravi ty cement^ 
Lamination i f l 
OtlllTS 
BWN B\\15 B\M6 B\VI7 BWIS B\M9 BW20 BW21 B\\22 n\y23 B\\24 BW25 /.'U 2(, 
1 1 2 . 8 m 13.2m 10.0m 13.4m 14.0m 15.0m 15.5m 16.0m 16.4m 17.6m 18.1m 19.Sm 20.0m 
1 P P TS P TS TS TS TS TS TS TS TS 
1 S4a 5/0 57a S6b 52 56a S4a 56/ 56a 56a S4a S4a S4a 
1 ^ M G M W F M W F M W W B f F B f 
* * • 
# 
« • • « * * 
• 
• • • • 
< • • 
1 o o • • • • 
i 
i 
o . • • 




' 1 Poor preservation, altered to dolomite Texture 
Matrix 
M=Mudstone, W=Wackestone, P=Packstone 
G=Grainstone, F=Floatstone, Bf= Bafflestone 
Bi=Bindstone, B=Boundstone, D=Dolomite 
M=Micrite. Ms=M'crospar, S=Spaf, D=Doiomife, 
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Broadridge Wood Quarry 
0 = <1% -=1-20% # = 21-40% # = 41-60% *=>61% 












( olonial coiuls 







( r in i juN 
rciitaciililes 
i r i lol i i tes 
l lrvo/oau' . 




















TS TS TS TS TS TS 
S4a 5Sa 52 SSa 5Sa 58a 




• • o 
• • * • • • 
• 
o 




*1 Vadose silt in the base of the fenestrae Texture 
Matrix 
M=Mudsfone, W=Wackestone, P=Packstone 
G=Grainstone, F=noatstone, Bf= Bafflestone 
Bi=Bindstone, B=Boundstone, D=Dolomite 
M=Mia i fa Jy te^ rQspar ,S=&)ar , l>=Doloi 
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Thin section descriptions 
Al.2.7 Cul d'Houille Quarry 
O = <1% • = 1-20% • = 21-40% # = 41-60% • = >61% 
1 Sample number CDHl CDH2 CDHA CI)I14CI>I15 CDH6 CDH7 CDH8 com CDHIO CDIIII CDHI2 IDin.i 
Height ' • ' ^ 2.7m 2.8m 3.2m 5.55m 8.4m 8.6m 9.75m 11.0m 12.3m 14.2m 15.7m 16.3m 22.6m 
X h i n Section/ Pcell TS TS TS TS TS TS TS TS TS TS TS TS TS 





W G FB M F WP G G W F F D G 
I • # • • # « 
i • • • 
i # • • o • • • 
.Aggregate grains 
Quart/y silt grains 
Bioclasts: ' 
Bulbous stroms. # 











Shell hash | 
Brachiopods 1 





Ostrocodes | • o • O 
Leperditia | 
Calcispheres f 
Foranis | • o o 




Dasycladaccaens 1 o 
Girvanella Gp. \ • 
Renalcis Gp. | 
Hedstroemia Gp. | 
Wetheredella Gp. | 
Ma t r i x | M,S,D S,M D M,S M,D M s S,D M M.D D S,M 
Bioturbation | V 
Micri te envelope { 
Fenestrae: Tubu la r j 
Laminoid/irregulut | 
Gcopetals | 
Gravity cements 1 
Lamination • 
*1 *1 *1 *1 *1 
' 1 Orientation of bioclasts parallel to bedding Texture 
Matrix 
M=Mudstone, W=Wackestone, P=Packstone 
G=Grainstone, F=Floatstone, Bf= Bafflestone 
Bi=Bindstone, B=Boundstone. D=Dolomite 
sM^iflicrite, Ms=M'crospar, S=Spar, D=Dolomite 
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Thin section descriptions 
Cul d'Houille Quarry 

































Wethercdella ( i p . 
Matr ix 
Bioturbation 




CDHI-I ( DHIS CDHIt, COH18 CDH19 CDHJIla CDIUtlh < I»I2I < I'lm a>H2.i CVW25 
m TS TS TS TS TS TS TS TS TS TS TS TS TS 
1 ^^^^ 57a 57a 56/ 57-* S6b S7b 56a S6b 57i> 56^ 57a 572a 
1 M G G W F M G P M W M G M 






















* 1 Thin section cut through stromatoporoid 
*2 No grains, dominated by lime mud 
Texture 
Matrix 
M=Mudstone, W=Wackestone, P=Packstone 
G=Grainstone, F=Floatstone, B f= Bafflestone 
Bi=Bindstone, B=Boundstone, D=Dolomite 
M=Micrite. Ms=Microspar, S=Spar, D=Dolomite 
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Cul d'Houille Quarry 
O = <1% • = 1-20% • = 21-40% # = 41-60% * = >61% 
I.Sample numbe r CI)H27 cnms Cf>H29 COHM 
Height 1 60.5m 40.0m 39.85m 39.8m 
Thin Section/ Peel| TS TS TS TS 
Microfacics j 57a S14 S14 S14 
MMituru ^jm G M M M 
Peloids ^ f 
Litboclasts 1 t 
Oncoids s 
Ooids j g M H j 
Aggregate 
Quartz/sil t S g ^ H 
Bioclasts: 
Bulbous stroms. J 
Laminar s t r o d H j 



























Welhercdella Gp. i 
Mat r ix S,M 
Bioturbation j 






Otberti * ^ *1 *2 *2,*3 *2,*3 
*1 Aligimient of intraclasts parallel to bedding 
*2 Calcrete. Calcite-filled cracks, sepiolitic 
staining, 




M=Mudstone, W=Wackestone, P=Packstone 
G=Grainstone, F=Floatstone, Bf= Bafflestone 
Bi=Bindstone, B=Boundstone, D=Dolomite 
M=M'crite, Ms=Micro§par, S=Spar, D=Doloniite 
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Al.2.8 Dourbes Quarry 
0 = <1% • = 1-20% 













































Micri te envelope 







Dl D2 m D4 1)6 D7 D8 1)9 1)10 DJl 1)12 1)13 
1 1.8m 4.8m 7.5m 8.3m IS.lSm 17.1m 17.4m 19.5m 29.1m 30.7m 34.3m 37.6m 3 8 . ^ 
1 TS TS TS TS TS TS TS TS TS TS TS TS TS 
1 52 - 572a 56a 56a 56<i 570 57a 57a 57a 572a 52 S6b 
1 F D M W WP W M G G G G B M 
* • * « « * # * 9 






M M,S M,S,D M,S M,S M S M,S S S SM M 
-/ 
V 
1 M *2 *3 *4 
*1 Matrix is clay-rich 
*2 Fades has been dolomitised 
*3 Lithoclasts aligned parallel to bedding 
*4 Microbial lamination encrusting bioclasts 
Texture 
Matrix 
M=Mudstone, W=Wackestone, P=Packstone 
G=Grainstone, F=Boatstone, B f= Bafflestone 
Bi=Bindstone, B=Boundstone, D=Doloinite 
M=Micrite, Ms=Microspar, S=Spar, D=Dolomite 
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Al.2.9 Froid Lieu Quarry 
O = <1% • = 1-20% • = 21-40% # = 41-60% •=>61% 
ISaiiiple i iu inhiT FLl IL2 FL3 FU F L 5 FL6 FL7 FL8 FL9 riAO FLU FL12 FLU 
HeiKhl 1 27.2m 25.5m 22.6m 21.1m 18.8m 18.1m 16.5m 14.4m 12.9m 11.6m 8.7m 2.8m 2.2m 
JJ l in Section/ Peel \ 
H k r o f a c i e s I 
TS TS TS TS TS TS TS TS TS TS TS TS TS 
56fc 56/ S6b 5Sa 56a 56j> 55 5«a 55 58a 57a 55 56a 




M W W M M W W M W WP W P M G G WP 
# • • # . • • o • 
Oncoids | 
Ooids 
Aggregate g r f l ^ J 
Quart/y silt 
Bioclasts: 





Colonial corals . 
Solitary corals i 











Bryozoans a O 










Dasycladaceuens • • 
Girvanella G p. ' 
Kenulcis Gp. i 
Iledstroemia (!p. 
VVetlieredella t i p . 
.Matrix 
l i ioturbat ion 
M,Ms M , D M M,D M M,D M,S M M A l s M,Ms S M,S,D MJ4s 
V 
Micri tc envelope i V V 
Feuestrae: Tubular 
Laminoid/irreguluT 
tieopcluls 1 y/ 
< Iravity cements j 
Luininalion | 
Others •t'*"'^ ''**''* * i *1 
*1 Vadose silt in fenestrae Texture 
Matrix 
M=Mudstone, W=Wackestone, P=Packstone 
G=Qrainstone, F=Floatstone, Bf= Bafflestone 
Bi=Bindstone, B=Boundstone, D=Dolomite 
M=Micrite, Ms=Mi':rospar, S=Spar, D=Dolomite 
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Thin section descriptions 
Froid Lieu Quarry 





































( l i rvancllu Gp. 
Keiialcis Gp. 
Hcdstrocmia Gp. 
Wttliercdella t i p . 
Mat r ix 
Bioturbatiun 







1 0.9m 0.4m 1 TS TS 
1 S6f R4c 1 ^ G 




1 M S 
} 
*1 
*1 Sediment-fill at base of fenestrae Texture 
Matrix 
M=Mudstone, W=Wackestone, P=Packstone 
G=Qrainstone, F=Eloatstone, B f= Bafflestone 
Bi=Bindstone, B=Boundstone, D=Dolomite 
M=Micrite. Ms=Microspar, S=Spar, D=Dolomite 
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Thin section descriptions 
Al.2.10 Glageon Quarry 
o = <1% • = 1-20% • = 21-40% # = 41-60% • = >61% 
1 Sample number GLl GL2 G O GL4 GLS GL(, GL7 6 7 , « GL9 GLW GUI GLI2 GLJ3 
Height -mmm 1 0.6m 3.4m 4.2m 6.4m 8.4m 9.2m 9.8m 12.3m 13.5m 14.0m 15.7m 19.0m 25.7m 
Thin Sectioii/IMH P TS P P P P P P P P TS P P 
Microfucies 1 Rl R2 R2 Rl Rl Rl R2 Rl Rl R2 R4b R3 R4b 
Texture ^MMI W G WP W WP W WP W W P G F G 
Grains: ' i S H 
Peloids ] • « 
Lithoclasts # « 
Oncoids 4 | | H 
Ooids 
Agpeea t e grains ^ 
• H k i l t grains 
Bulbous strums. 
Laminar strtmis. ; 
^ ^ n d r o i d sirnnis. 
maphyodes 
Amphipora 
Colonial corals « 
Solitary corals 
H^amnoporoids 
^mlvcs <i • # • • • 
gastropods • • 
Shell hash 
rSrachiupods i • • * • • # • 
Brachiopod spines 
Crinoids i • o 0 
Tciitaculites 
Trilohitcs 
Bryozoans I O o 
Ostrocodes . • • 
I^perditia 
Calcisphcres s 
1* (u-uins 1 o 
Sponge spicules 
Umbellids 





Hedstroemia Gp, • 
Wcthcredella Gp. \ 
Matr ix i M , D S,D M,D M,D M,D M,D M M,D M,D M,D S,M,D S,D 
Bioturbation | V V > ^ V 
Micri le envelope 1 





f)i-i)i-)--i- ingjiigil *1 *1 •2 
*1 Insoluble clays associated with matrix 
*2 Sample taken through coral 
Texture 
Matrix 
M=Mudstone, W=Wackestone, P=Packstone 
G=Qrainstone, F=Floatstone, Bf= Bafflestone 
Bi=Bindstone, B=Boundstone, D=Dolomite 
M=Micrite, Ms=Microspar, S=Spar, D=Dolomite 
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Thin section descriptions 
Glageon Quarry 
0 = <1% -=1-20% • = 21-40% #=41-60% •=>61% 
Sample number | 
Height 







































Micri te envelope 
nestrae: Tubular Fc esi 
Lamii 
Cieopc Ge  etals 
Gravity cements 
Lamination 
GLIS GU6 67.77 GI.JS GIJ9 GL20 GLlIa GUIb GU2 GU3 GL24 GU5 GL26 
28.1m 31.4m 34.2m 35.9m 40.4m 43.2m 46.3m 49.8m 54.2m 60.9m 62.0m 63.6m 64.8m 
P P TS TS P P P P P P P P P 
R2 Rl R4a R4a Rl Rl R2 7?7 Rl 7?2 Rl 7:2 Rl 





• • • • 
• • • # # # # 
O 
O 




! M , D s S M,D D,M M,D M D M,D M,D M,D 
y y y y 




*1 *2 *3 *4 
* 1 Matrix is clay-rich 
*2 Sample very dolomitised 
*3 Apparent graded bedding 
*4 Alignment of bioclasts parallel to each other 
Texture 
Matrix 
M=Mudstone, W=Wackestone, P=Packstone 
G=Grainstone, F=Eloatstone, B f= Bafflestone 
Bi=Bindstone, B=Boundstone, D=Dolomite 
M=Micrite, Ms=Microspar, S=Spar, D=Dolomite 
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nin section descriptions 
Glageon Quarry 
O = <1% • = 1-20% • = 21-40% # = 41-60% • = >61% 
Height 
Thin Section/ Pe 
Microfacies 






































Mat r ix 
Bioturbation 
Micr i tc envelope I 








1 ^ P P P P P P P TS P TS TS P 
1 Rl R3 R2 Rl 7 ? Rl R4c R2 R4b R7 ? 





• • O 
• • 
• • • # • • 




D M,S D D S M,D S,M 
*1 *2 *1 •1 *1 *1,*2 *2 *3,*4 *1 
*1 Sample thoroughly dolomitised 
*2 Matrix very clay-rich 
*3 Undetermined cyanobacteria 
*4 Pseudomotphs of gypsum 
Texture 
Matrix 
M=Mudstone, W=Wackestone, P=Packstone 
G=Srainstone, F=Boatstone, B f= Bafflestone 
Bi=Bindstone, B=Boundstone, D=Dolomite 
M=M'crite, Ms=Microspar, S=Spar, D=Dolomite 
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Thin section descriptions 
Glageon Quarry 
0 = < 1 % - = 1 - 2 0 % m = 21-40% • = 4 1 - 6 0 % ^ = > 6 1 % 
1 Sample iiuniher GL40 (,IA1 GL42 GL44 G1A5 GIA6 
Hcishf ^ 
Th i l l Section/ I 'et l 
Microfaeies 
115.3m 120.3m 123.4m 131.0m 135.4m 139.2m 
P P P P P P 





M D F DF D W 
Apgrcgate prains 
Quartz/sil t gruins i 
ISiodasts: 
Ktilbous stroins. 
Laminar stroins. i 






























(i irvanella Gp. 
Kenulcis <ip. 
lledstroeinia Op. s 
Wetlicredclla Gp. \ 
Matr ix M D M,D 
ISioturbation 






*1 *1 *1 *1 
*1 Sample dolomitised Texture 
Matrix 
M=Mudstone, W=Wackestone, P=Packstone 
G=Grainstone, F=Hoatstone, Bf= Bafflestone 
Bi=Bindstone, B=Boundstone, D=Dolomite 
M=M'C"te. Ms=M'cro£Par, S=Spar, CfaDolomite 
Appendix 1 • 330 
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Al.2.11 Goodrington Road Cutting 
0 = < 1 % '=1-20% • = 2 1 - 4 0 % • = 4 1 - 6 0 % * = > 6 1 % 
js impli- mimlHT G2 f.-V Co C,6 C " 08 (,<i GlOO (.12 GIJ Gl-I 
l l r i ! ;h t 2.6m 2.7m 3.4m 4.0m 5.6m 6.3m 9.3m 7.0m 7.5m 8.0m 9.9m 11.0m 12.3m 
JLjUUi Section/ Peel TS P P TS P P TS TS P TS TS TS P 
flferorucit-s ? ? S6a S6a ? ? S6a S4b ? S4a S6a S2 S4a 
^Hture D D W W D D W F D F M F W 
TOoids 
Lithodasts j^j 
Oncoids a l H 
Ooids 
An)jrt'j;ate grains 
Quartz/ silt grains, 
l l M l a s t s : 1 
^^hiou.s slroni.s. . 
^^fainur s(ruins. 
• K i r o i d sfrnnis. i • 
Stachyodcs 













Ostrocodes . • 
Ix'perditia 
Calcispiieres i o « * * 





Dasj'cladaceaens . « 
Girvanella Gp. 
Kciiulcis Gp. 1 
Hedstroemia Gp. 
VVetheredella iip. 
.Matrix M M,D M,Ms D,M M,D M,D M,Ms M,Ms 
Bioturbation t 




( i ravi ty cements ; 
I.uininafion 
*1 *1 *1 *1 *1 
*1 Sample has been dolomitised Texture 
Matrix 
M=Mudstone, W=Wackestone, P=Packstone 
G=Qrainstone, F=Boatstone, Bf= fiafflestone 
Bi=Bindstone, B=Boundstone, D=Dolomite 
Ms=Micrite, Ms=Mtcto§pa'". S=Spar, D=Dolo: 
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Al.2.12 Hanielsfeld Quarry 
O = < 1 % • = 1 - 2 0 % • = 2 1 - 4 0 % • = 4 1 - 6 0 % • = > 6 1 % 
Isainplc number HFl HF2 HF3 HF4 HF5 
Height 1 1 0.1m 2.8m 3.7m 4.9m 6.7m 
JChin Section/ Peel 1 TS TS TS TS TS 
^ K r o f u c i e s Rl R3 R3 R3 R3 
^•(ure 1 M F F F F 





^ ^ n i ' t / i silt grains 
^wciasts: 
Bulbous strnms. 
Laminar stroms. • 
Dendroid stronis. * • 
Stach\odcs •. 
Amphipora s 
Colonial co ra l s^^ • • 




Shell hash • 
liraehiopods flHH O 
Brachiopod spIneH 




Ostrocodcs * o 
lj:pcrdilia 
Calcispheres 
• B u n s 









Matr ix M M Ms D M 
Bioturhation i V 




Gravity cements ( 
Lamination i 
Others J H •1,*2 *3 *3 »3 
*1 Matrix is very peloidal 
*2 Bioclasts aligned parallel to each other 
*3 Stromatoporoid encrusts grains 
Texture 
Matrix 
M=Mudstone, W=Wackestone, P=Packstone 
G=2rainstone, F=Floatstone, Bf= Bafflestone 
Bi=Bindstone, B=Boundstone, D=Dolomite 
M=Micrite, Ms=Microspaf, S=Spar, D=Dolomite 
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Al.2.13 Heggen Quarry 
O = < 1 % • = 1 - 2 0 % • = 2 1 - 4 0 % • = 4 1 - 6 0 % * = > 6 1 % 
1 Sample number HGl / / G 2 HG3 UG4 HG5 HG6 HG7 HG8 HG9 IK, Id lU.ll HGn / / f , 7 . ; 
Height " \ 163.1in 162.5m 157.5m lSS.9m 149.0m 144.0m 143.0m 141.5m 135.7m 133.3m 130.5m 130.1m 124.0m 
Thin Section/ Peel TS P P TS P P P P P P P P TS 
Microfacies S2 S2 S3a S3a S3a S3a S3a 52 S3a S4b S3a S3a S3a 
Texture 1 F F G G G G G B G G G G G 
(rrains: 
Peloids i « • * * * • • « * • • 
Lithoclasts ^M^M 
Oncoids 
Ooid.s ' ^ ^ 1 
.•\ggregatc g r « ^ ^ 
Quartz/ sill g ra ins l 
Bioeiaslsr ' 
Bulbous .strom.s. « • 
Luminur strums, | 
Dendroid stronis. * • • 
Stachyodes ] • 
Amphipora | 
Colonial corals | « 
Solitary corals j 
Thaninoporoids \ • • 
Bivalves j 
Gastropods ] 
Shell hash \ 
Brachiopods J o o 
Bracliiopod spines ° 





Ostrocodes | O o o 
Leperditia 1 
Calcisphercs 
Forunis • o 





Girvancllu Gp. ' 
Uenalcis Gp. j 
llcdstrocroia Gp. 
Wethercdella ( i p . » 
Mat r ix j S S s S S S S S S S S 
l i ioturbat ion 






Others *1 *2 *3 *4 *4 
*1 Slide is cut through bulbous stromatoporoid 
*2 Slide is cut through colonial coral 
*3 Cross-lamination 
*4 Bioclasts aligned parallel to bedding 
Texture 
Matrix 
M=Mudstone, W=Wackestone, P=Packstone 
G=Qrainstone, F=Floatstone, Bf= Bafflestone 
Bi=Bindstone. B=Boundstone, D=Dolomite 
M=Micrite, Ms=Microspar, S=Spar, D=Dolomil 
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Heggen Quarry 
0 = < 1 % - = 1 - 2 0 % # = 2 1 - 4 0 % • = 4 1 - 6 0 % • = > 6 1 % 
Isainplf luinibci IK, 14 IK,16 / / c ; / 7 in.iH ii(;i9 H(i2t)a HG2(lh HG21 HG22 HG2M, HG24 
94.6m 87.3m 82.3m 70.2m SS.Om S6.8m 36.9m 36.5m 35.2m 30.4m 28.0m 26.1m 9.7m 
^ ^ ^ ^ o n / Peel i P P P P P TS TS P P TS P TS P 
S3a S3a S3a S3a S3a S3a S2 - - S3a S3a S3a S3a 
G G G G G G F D D G G G G 
^ * # • • • * • • • * 
ft" ^  
• K r e g a t e g r a i o ^ 
Quartz/ silt g d H | | 
Bioclasts: 
Bulbous stroms. | 
Laminar stroms. j 




Solitarv corals • 
Thanmoporoids 
Bivalves 
Gastropods < O 
Shell hash 
Brachiopods i o . 
Bracliiopod spines ! 




Ostrocodcs | o • 
Leperditia i 
Calcisplicrcs j 
Forams | o • 
Sponge spicules j 
Umbellids 1 
Undetermined | o 
Codiaceans j 
Oasycladaccaens . | 
Girvanella Gp. ff o 
Kcnulcis Gp. ] • 
iledstroemia Gp. j 
Wcthcrcdella (Jp. | 
Mat r ix 1 S S S S D,S s S,D D D D S SJ) S 
Bioturbation | 





Gravity cements | 
Lamination :| 
Others * i *1,*2 *3 *3 *3 *1 
*1 Alignment of bioclasts parallel to each other 
*2 Bioclasts encrusted by Girvanella 
*3 Slide has been dioroughly dolomitised 
Texture 
Matrix 
M=Mudstone, W=Wackestone, P=Packstone 
G=Grainstone, F=Hoatstone, B f= fiafflestone 
Bi=Bindstone, B=Boundstone, D=Dolomite 
M=Mi!mte. MsiMicrospar, S=Spaf, D=Dolomite 
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Heggen Quarry 
O = < 1 % • = 1 - 2 0 % • = 2 1 - 4 0 % • = 4 1 - 6 0 % • = > 6 1 % 
j Sample number IIG26 IIG27 IIG2S IIG29 
6.7m 1.4m 0.6m 3.6m 
Microfacies W^^t 




Oncoids 4 H 
Ooids 
P P P 
\ S3a S2 S3a S3a 
F G G 
* * 






















Osfrocodes j o 
J^perditia 1 
Calcispheres | 
r urams o 





(iirvanella Cip. ? 
Kenulcis Gp. J 
Hedslroemia ( i p . j 
Bdieredella Gp. j 
» r i x 1 D,S S S 
Bioturbation | 







*1 Slide is cut through bulbous stromatoporoid Texture 
Matrix 
M=Mudstone, W=Wack 
G=Grainstone, F=Floatstone, Bf= Bafflestone 
Bi=Bindstone, B=Boundstone, D=Dolomite 
M=Micrite, Ms=Mtcrospar. S=Spar, D=Dolomite 
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Al.2.14 Keldenich Quarry 
0 = < 1 % - = 1 - 2 0 % • = 21-40% • = 4 1 - 6 0 % • = > 6 1 % 
jsampk- number KLl KL2 / v / J k\A MS kl.6 hl7 KL8 KL9 KI.H) KLll hi 12 kl !.! 
1 27.1m 27.3m 28.7m 30.0m 32.1m 32.4m 35.5m 36.5m 38.2m 2.9m 5.6m 12.0m 13.0m 
Thin Section/ Peel 1 
Microfacies 
TS TS TS TS TS TS TS TS TS TS TS TS TS 
S8a S5 S6b S6c S6a S6f/c S7a Stic S6a S4c S8a 55 S13 
Texture 
Grains: ' 4 H i 
Peloids 1 
Lithoclasts — 
Oncoids v H | 




Quartzy silt grains; 
Bioclasis: i 
Bulbous stronis. 




( 'olonial corals i 

















• * • • « 
• . • • • • • • • • 






• • • O • • • • o 
Kenalcis Gp. j 
Hedstroemia Gp. 
Wetlieredella Gp. ; 
Matr ix 
Bioturbation | 
-Vlicrite envelope ; 








*1 *1 *2 *3 *1 *4 
*1 Bioclasts are aligned parallel to each other 
*2 Sample of matrix 
*3 Internal sediment-fill of vadose silt in base of fenestrae 
*4 Pseudomotphs of anhydrite 
Texture 
Matrix 
M=Mudstone, W=Wackestone, P=Packstone 
G=Qrainstone, F=Floatstone, B f = Bafflestone 
Bi=Bindstone, B=:Boundstone, D=Dolomite 
:M=M<gite. Mji=Mtcrospar, S=Spar, D=Dolomite 
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Thin section descriptions 
Keldenich Quarry 
O = < 1 % • = 1 - 2 0 % • = 2 1 - 4 0 % • = 4 1 - 6 0 % * = > 6 1 % 
Sample number KIJ4 KLIS 
Height 
Thin Section/ I'ccI 
Microfacics 
Texture 





Aggregate g r j j ^ l 
Quartz/sil t g 4 ^ H 
Bioclasts: 

























Sponge spicules . 
Umbellids 
lindeterniincd 














Gravitv cements i 
Laminat ion 
*1 *2 
*1 Bioclasts aligned parallel to each other 
*2 Pseudomorphs of anhydrite 
Texture 
Matrix 
M=Mudstone, W=Wackestone, P=Packstone 
G=2rainstone, F=Floatstone, Bf= Bafflestone 
Bi=Bindstone, B=Boundstone, D=Dolomite 
M=Micrite, Ms=Microspaf, S=Spaf, D=Doloimte 
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TTtin section descriptions 
Al.2.15 Linhay Hill Quarry 
O = < 1 % • = 1 - 2 0 % • = 2 1 - 4 0 % 
Saiiiplu iu imher 
= 4 1 - 6 0 % * = > 6 1 % 
l.OIO t o i l l(H2 I.O/.i 
WghT""^'* O.lm 1.5m 2.9m 3.4m 3.8m 4.7m 7.3m 8.8m 9.8m 10.6m 11.8m 12.1m 14.Sm 
Th in Section/ I'ecl TS P TS P TS P P P TS P TS TS TS 
Microfacies S4a S5 S3b S6a S3b S2 S3b S4a S6b S4a S6b S6a S4a 
Texture i F W W M W P F F W M F M W W 
Grains: 





Quartz/ silt grains ) 
Bioclasts: i 




Amphipora • * * • 
Colonial corals i • 
Solitarv corals 4 
Thanmoporoids J o 
Bivalves i 
Ciustropods i « 
Shell hash 1 
Brachiopods i • 






Ostrocndes g • o 
lA:pcrditia i 
C^alcisphcres • * . 






Girvanellu ( i p . 1 
Heiiulcis Gp. | 
lledstroeinia Gp. | 
Wetheredella Gp. | 
Ma t r ix M,S M M M M M M M D,M M M,D M 
ato^urbation 
H b ' i t e envelope 
^Hicstrae: Tubular 




*1 *2 *1 
*1 Very organic-rich with abundant pyrite 
*2 Thin section through bulbous stromatoporoid 
Texture 
Matrix 
M=Mudstone, W=Wackestone, P=Paekstone 
G=Grainstone, F^Floatstone, Bf= Bafflestone 
Bi=Bindstone, B=Boundstone, D=Dolomite 
M=M'crite, Ms=M'"'Pspar, S=Spar, D=Dolomite 
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Thin section descriptions 
Linhay Hill Quarry 
O = < 1 % • = 1 - 2 0 % • = 2 1 - 4 0 % • = 4 1 - 6 0 % « = > 6 1 % 
1 Sample number L014 LOIS LQ16 IQ17 LQ18 L019 LQ20 L021 LQ22 LQ23 LQ24 IAJ2S / 026 
Kltht ' 15.0m 16.5m 18.3m 19.5m 24.6m 25.0m 26.6m 27.9m 28.4m 30.0m 31.0m 32.7m 33.2m 
^ B i s e c t i o n / P e e l i TS TS TS P P TS TS TS TS TS P P P 
^ fg -o fac ies i S6a S4a S4a 54a S6b S6b S6b 52 52 S4a S6b S4a S4a 








[ j ^ H f p i l t gruin.s 
•pbous stronis. * * * 
T.aininur slroins. 
Dcndniid slroms. • 
Siachyode: * 













Ostriivoilcs • O • O 
Ijcperditia • 
Calcisphercs o • * • • • 







Keiialcis ( 'p . 
lledslroeinia Gp. 
Wetheredella (;p. 
.Matrix .M,Ms Ms,M D,M M M M D M,Ms M > l s M,Ms 
Biolurbal ioi i / V 
Micr i l e envelope 
Feiiestrae: Tubular 
l..aniinoid/irre»iiIur 
^ ^ ^ t y (remeiits 
^Einuliun 
*1 *2 *1 *1 *2 *2 *1 
*1 Alignment of bioclasts parallel to bedding 
*2 Thin section dominated by bulbous stromatoporoids 
Texture 
Matrix 
M=Mudstone, W=Wackestone, P=Packstone 
G=Grainstone, F=Fioatstone, Bf= Bafflestone 
Bi=Bindstone, B=Boundstone, D=Dolomite 
M=Micrite, Ms=Microspar, S=Spar, D=Dolomite 
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Linhay Hill Quarry 
O = < 1 % • = 1 - 2 0 % • = 2 1 - 4 0 % • = 4 1 - 6 0 % * = > 6 1 % 
Isample number L027 L028 L029 LOMI 
Height • 41.0m 42.3m 47.2m 50.5m 
Thin Sccliiin/ Peel 1 p TS P TS 
.Microfaciis j S6b S4a S4a S4a 





^ H p i u - ur.iiiis 





















nScispheres • • 
• 
.Spiuigr spii ules 
jagaellids 






VVvtlieredellu ( i p . 









*1 Alignment of bioclasts parallel to each other Texture 
Matrix 
M=Mudstone, W=Wackestone, P=Packstone 
G=Grainstone, F=Floatstone, Bf= Bafflestone 
Bi=Bindstone, B=Boundstone, D=Dolomite 
M f M c r i t f e M e M i c f o s p a r , $=Spar, D=Doloii)ite 
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Al.2.16 Medenbacli Quarry 
O = < 1 % • = 1 - 2 0 % • = 2 1 - 4 0 % • = 4 1 - 6 0 % • = > 6 1 % 
1 Sample number MBl MB2 .MB3 MB4 MBS MR6 MB7 MBS MB9 Mill II MB! 1 MBI2 U/.7,-; 
Height ' 0.4m 1.4m 2.9m 3.9m 5.6m 7.0m 10.4m I L S m 12.4m 13.5m 14.0m 18.8m 20.1m 
Thin Section/ Peel TS TS P TS TS TS TS TS TS TS TS P TS 
Microfacies S4a S4a S4a 54a 54a S4a S4a 54a 54a 54a 56a 54a S4a 
Texture F F F W F F F W F F W W W 
^ains : 









Dendroid stroms. • 
Stachyodes • • • • • * • 
Amphipora ' * • • * * • • • 
Colonial corals 
Solitary corals 
Thamnoporoids • . o • 
Bivalves s 
Ga.strop«ds o 
Shell hash * 
Brachiopods • 
Brachiopod spines . 




OstriK'odcs O o • o O 
Ijcperditia 








Kciiulcis (!p. o 
Iledstroemia Gp. 
Wcthcredella ( i p . 








Others jJHHMI *1 *1 *1 *1 
*1 Matrix is very peloidal Texture 
Matrix 
M=Mudstone, W=Wackestone. P=Packstone 
G=firainstone, F=Hoatstone, Bf= Bafflestone 
Bi=Bindstone, B=Boundstone, D=Dolomite 
M=Micrite, Ms=Microspar, S=Spar, D=Dolomite 
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Mendenbach Quarry 





MHN MB15 MBI6 MBl'/ 






Quart/y sill grains 
Bioclasis: 
Bulbous stroiiis. 



































( i ravi ty cements 
Lamination 
Others 
ope j T 
i ulaP 
21.0m 24.0m 28.5m 31.3m 34.2m 
P TS TS P TS 
S4a S4a S7a S4a S4a 
F F G F F 
* 
i 
1 • • « 1 




D , M D S,M M M,S 
*1 
*1 Bioclasts aligned parallel to each other Texture 
Matrix 
M=Mudstone, W=Wackestone, P=Packstone 
G=Qrainstone, F=Floatstonc, Bf= Bafflestone 
Bi=Bindstone, B=Boundstone, D=Dolomite 
M=M'crite, Ms=M>crospar, S=Spar, D=Dolomite 
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Thin section descriptions 
Al.2.17 Nismes Quarry 
o = <1% • = 1-20% # = 21-40% • = 41-60% = >61% 
l ^ l l n p l e number Nl N2 m NS N6 N7 m m NIO Nil 
Height ' 1 0.17m 2.1m 6.4m 9.4m 10.7m 11.3m 14.8m 15.5m 16.3m 19.7m 21.9m 
Thin Section/ Peel - i TS TS TS TS TS TS TS TS TS TS TS 
-Microfacic- S6e 572a S6e 57a 54c 5/2<> S7b/a 57a 55 S6b 57a 
Texture \ M MP M G F G G G P M G 
Grains: 




Ooids o • 
Aggregate grains 













Brachiopods ! • 
Brachiopod spines 













:Girvanclla Gp. o 
iRcnalcis G|). 
I ledstrurmia Gp. 
.Wethercdella Gp. 
iMatrix M,S M,S M S M S,M S S,M M,S M S 
ilSioturbatioii V 







*1 Wavy laminae, sometimes thrombolitic Texture 
Matrix 
M=Mudstone, W=Wackestone, P=Packstone 
G=Orainstone, F=Hoatstone, B f= Bafflestone 
Bi=Bindstone, B=Boundstone, D=Dolomite 
jy j ' rMf i t i t e . MsrMicrospar, S=Spar, D=Dolomite 
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Al.2.18 Oberrodinghausen Quarry 
O = < 1 % • = 1 - 2 0 % • = 2 1 - 4 0 % • = 4 1 - 6 0 % • = > 6 1 % 
Isample mimhei OHIII (mm ORIU ()RH> ORII6 ()KH7 OKIIS <)RH9 OKHIO tIKIIII OKIII2 (IKIII.I 
Height \ 1.0m 2.0m 3.4m 3.9m 6.4m 7.2m 9.2m 11.5m 15.6m 17.9m 18.Sm 20.1m 21.2m 
Thin Section/ Peel s 1 TS TS TS TS TS P P TS TS P P P P 
.Microfacies 1 S4a S8a S4a S4a S4a S4a S4a S2 S4a S6a S4b S4a S6b 
Texture \ F W F P F F F B F WP G F M 
Grains: 





Quart/y silt grains ; 
Bioclasts: 
Bulbous stroms. s # * 
Laminar siroins. 
Dendroid stronis. 
Siachyodcx • • • t . • 
Amphipora • • • * • * 
Colonial corals 
i 
Solitary corals a 
• 










Ostrocodes 0 0 o 0 o 
Leperditia 











[Matrix M.S M M,S M,S M M,S M,S M S,M M M 
'Bioturbation V 
iMicri te envelope 
jFeucstrae: T u b ^ ^ 
• U n o i d / i r r e i ^ l 
pGeopetals 
f(.Travity ccment&p^ 
ILainination mmm \ * i *1 *2 *3 
* 1 Girvanella encrusting bioclasts 
*2 Peel taken through bulbous stromatoporoid 
*3 Stromatoporoid is encrusting bioclasts 
Texture 
Matrix 
M=Mudstone, W=Wackestone, P=Packstone 
G=Grainstone, F=Floatstone, B f= Bafflestone 
Bi=Bindstone, B=Boundstone, D=Do!omite 
M=Micrite,iMs=Microspar, S=Spar, D=Dolomite 
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Oberrodinghausen Quarry 
0 = < 1 % - = 1 - 2 0 % • = 2 1 - 4 0 % • = 4 1 - 6 0 % * = > 6 1 % 
1 Sample number OHHI4 ORHI6 OKHI7 ORHiS 0RHI9 OKH20 ORHII ORH22 aRH23 OKH24 ORH25 OKH26 ORH27 
Hcipht 22.3m 26.4m 26.9m 29.7m 30.5m 31.4m 35.0m 40.5m 41.8m 44.0m 48.8m 50.0m SO.Om 
Thin Section/ Peel P P P P TS P P P TS TS P P P 
.MicmfnLK s S7a 54a S6b 52 52 S6b 54a 52 5 i a 5 i a 5 i a 52 5 i a 
Texture G F M F F M F F G G G F G 
Gruin.s: 
Peloids * * • • . . 




• • • • l l k i l t grains 
^ ^ B o i i s ,sti'oin.'>. • * « ^ H l i n u r strums. 
^ B d r o i d sironis. 
• • * * • 








^Bchiopod spines o 
Hpl<>'ds o • • 
Tentaculiles 
I r i lobi tes 
Bwozoans 
X)!!(r(icodes O o . . 
Ixpcrditia 
('alcisphcrcs O • 
Forums O • o • 
Sponge spicules 
g |bellids 
^ H c l c r n i i n e d 
^ B i m e u i i s 
^n^claduccueiis 
m^'aiiclla ( i p . 
Keiiulcis ( i p . 
IIcdslrueiTiiu Gp. 
Wetliercdellu ( i p . 
Matri.v S M M M M,S M M s S S S 
Kiolurbat i i i i i V 





I .uininuliui i 
Others * i *2 *2 
*1 Matrix is very peloidal 
*2 Peel is cut through bulbous stromatoporoid 
Texture 
Matrix 
M=Mudstane, W=Wackestone, P=Packstone 
G=GKiinstone, F=FloatstDne, Bf= BaJflestone 
Bi=Bindstone, B=Boundstone, D=Dolomitc 
M ^ ^ c r i t e . MmMmm>m<> S=§par. DgJBolo 
I 
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Thin section descriptions 
Oberrodinghausen Quarry 
O = <1% • = 1-20% • = 21-40% • = 41-60% • = >61% 
1 Sample iiuinlHT OKH2S ORHl'J OKHM 
"HcifilU 59.2m 60.4in 93.0m 
Thin Section/ I'ecl P P P 
Microfacle.s i S3a S4a S2 







Quart/J silt grains 
Bioclasts: , 
Bulbous stroms. * 
Luininur sfroms. 

























Kcnulcis (>p. t 
l lcdstrocmia ( i p . 
Wi-lliercdella CJp. 
^ l a l r i x M M,S 
Bioturbation 






^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ •1 
*1 Peel is cut through a bulbous stromatoporoid Texture 
Matrix 
M=Muclstone, W=Wackestone, P=Packstone 
G=Qrainstone, F=noatstone, B f= Safflestone 
Bi=Bindstone, B=Boundstone, D=Dolomite 
MsMtcrite, Ms^M'crospar, S=Spar, D=Dolomite 
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Al.2.19 OUoy-sur-Viroin Quarry 
0 = <1% -=1-20% • = 21-40% •=41-60% 
Sample n u m h c r j 
Height 




^ K ^ g a t e j ^ m i i i i 
^ H H K U grains 
llious striiiDii. 








(iuklriipii i ls 
Shell hash 
ItruL-hiiipHcIs 
RrHi'liiopiid spiiii •< 














Kciiuleis ( i p . 
lledstrcHiiiiu ( i | 
Wetliercdellu (Ip 
Matr ix 
I t iolurl)at i i i i i 
Mierite envelope 
Tcnestrae: Ti i l i i i l a r 





OSVl OSV2 OSV3 OSV4 OSV5 0SV6 0SV7 0SV8 OSV9 OSVJO OSVl I o.sr/2 
0.5m 1.0m 2.8m 3.6m 29.5m 5.4m 6.1m 21.0m 22.1m 23.6m 24.4m 24.9m 26.2m 
I S TS TS TS TS TS TS TS TS TS TS TS TS 
Rl Rl R2 Rl S2 Rl 52 S8a S8a S8a S3b SSa S4b 
W W P W WP W F W W M W P W F 
« * • • 
• 
f 






« t • 
o • • 
* * • 
• 
O • 
M,Ms Ms M,Ms M,Ms M M S,M M M,Ms M M,Ms M S 
*\ *2, *3 *3 
*1 Sample of matrix 
*2 Matrix intensely peloidal 
*3 Vadose silt in the base of fenestrae 
Texture 
Matrix 
M=Mudstone, W=Wackestone, P=Packstone 
G=Grainstone, F=Floatstone, B f= Bafflestone 
Bi=Bindstone, B=Boundstone, D=Dolomite 
M=M'crite, Ms==MicrQspar, S=Spafi DgDolpmite 
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Olloy-sur-Viroin Quarry 
0 = <1% • = 1-20% m = 21-40% • = 41-60% «: = >61% 
1 Sample number OSV14 OSY15 OSV16 OSVI7 OSVIS OSV20 OSV21 OSV22 OS\'2.? OSS'24 OSV25 
Height 36.2m 36.9m 37.3m 38.2m 39.9m 41.5m 43.0m 31.0m 31.4m 33.1m 34.0m 
Thin Section/ Peel ; TS TS TS TS TS TS TS TS TS TS TS 
Microfacics S6a S5 S6b/c S5 S8a S6f S8a S8a S6c S5 S6a 







Quart?/ silt grains 
liioclasts: i 





Colonial corals i 
Soli tarj ' corals 
Thamnoporoids 









Ostrocodcs • • f • 
l^perdttia 
Calcisphcrcs « f « • • • 




Codiaccans M H • 
DasycladaccaenS"^ • * • • • • 




Matr ix M M M M,D M,D M,D M M M M M 
lUoturbation 






Others l i l i i M l l l i *1 *2 *2 *3 *2 •1 
*1 Bioclasts are aligned parallel to each other 
*2 Matrix is very peloidal 
*3 Vadose silt in the base of fenestrae 
Texture 
Matnx 
M=Mudstone, W=Wackestone, P=Packstone 
G=Qrainstone, F=EIoatstone, Bf= Bafflestone 
Bi=Bindstone, B=Boundstone, D=Dolomite 
M=Micrite, MssMicoSPar. S=Spar, I>=Dolonute 
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Thin section descriptions 
Al.2.20 Resteigne Quarry 
0 = <1% • =1-20% # = 21-40% #=41-60% *=>61% 
1.Sample number Kl A',? R4 A'5 R6 l<7 h"/ Rll K12 RI4 A'/> 
1 3.3m 9.4m 12.7m 13.0m 19.6m 24.5m 25.7m 5.2m 34.4m 41.0m 42.3m 47.1m 52.6m 
Thin Section/ Peel TS TS TS TS TS TS TS TS TS TS TS TS TS 
-Vlicrofacics S2 S5 S6a S6b S6a 55 S3b 59 57 55a S12a S3b 5/2<i 
Texture i B P W M W P P W G G WP M P M 
Grain.s: 





B m r t z / silt gruins O 
l loc las t s : 
Kulbous stronis. 
Laminar stniias. 






Bivalves • • • O 
ClastropcKl.'i ; 
ghe l l hash 
• K c b i o p n d s ^ • • * 





Ostroeodes • t • • • 
Leperditia 
Calcispheres • • • • 
H p n t i e spieules 
Umbellids 
'Undcteiniii ivd 
Codiac. ji j f l l l 
D a s y c l a d a S H H j j • • o • 
<iirvanella (Hp. 
yRcnalcis Gp. 
i l B d s t r o e m i a G n M i 
K i l l rcdella 
S!^lri\ M M M,Ms M,Ms 
M.Ms M,Ms M,Ms S,M SM MJVis M,Ms M M,S 
I t ioturbatioi i 





S P W r _ . 1 *1 
*1 Bioclasts are aligned parallel to each other Texture 
Matrix 
M=Mudstone, W=Wackestone, P=Paclcstone 
G=Grainstone, F=noatstone, Bf= lafflestone 
Bi=Bindstone, B=Boundstone, D=Doloniite 
M=Micrite, Ms=Micfospar, S=Spar, D=Dolonute 
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Resteigne Quarry 
O = <1% • = 1-20% • = 21-40% • = 41-60% • = >61% 
I s . imple number KJ7 KI8 RI9 RIO 
f l l r igh t ~ 85.4m 13.2m 16.0m 14.5m 
Thin Section/ Peel TS TS TS TS 
Microfacles Rl 55 S6f S3b 
Texture W WP W WP 
Grains: 
Peloids t 
^ h o c l a s t s 
• E o i d s , 
m t d s 
Aggregate grains 

















^ ^ o b i t e s 
H k t z o a n s 













{Matrix M,Ms M,S M,S M 
tBioturbatioii 
M i c r i t e envelope 
J'cnestrac: T u b j ^ j r i 
[ L a m i n o i d / i r r e j l ^ H 
iGeopefals •<^^ 




M=Mu<lstone, W=Wackestone, P=Packstone 
G=^rainstone, F=Hoatstone, B f= Bafflestone 
Bi=Bindstone, B=Boundstone, D=Dolomite 
M=Micrite, Ms=Mtoospaf, S=Spar. D=Dolomite 
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Al.2.21 Rydon Quarry 
O = <1% • = 1-20% • = 21-40% • = 41-60% • = >61% 
ISainple numln'r RQl RQ2 KQ3 R(J4 A'05 R06 R07 KOH RQ9 ROW ROII 1x012 ROI3 
f f r f R h t 21.3m 20.2m 19.5m 18.8m 17.8m 17.1m 16.3m 15.6m 15.0m 14.1m 9.4m 8.6m 7.6m 
Thin Section/ Peel TS TS TS TS TS TS TS TS P P TS TS TS 
Microfacies S6a 5Sc S4a 57a S4a 57a 55a 52 55a S4a 57a S6a 52 
Texture i W G F G F G G F G W G W P 
( j ra ins : 





Quartz/ silt grains 
Bioclasts: 
Bulbous strums. * 
Laminar stroms. 
Dendroid stronis. • 
Stachyodes • • 













Oslrotodes o o o 
Leperditia 
iCalcispheres o • • 










'Mat r ix M S M S M,D S,M S M S,M M s M.S M.S 
l i io turhat ion 





Lamination msm. 1 •1 *2 *1 *3 
*1 Micrite is very peloidal 
*2 Alignment of bioclasts parallel to each other 
*3 Sample of matrix 
Texture 
Matrix 
M=Mudstone, W=Wackestone, P=Packstone 
G=Grainstone, F=Hoatstone, Bf= Bafflestone 
Bi=Bindstone, B=Boundstone, D=Eolomite 
M=Micrite, Ms=M'C''ospar, S=Spar, D=Dolomite 
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Rydon Quarry 
O = <1% • = 1-20% • = 21-40% • = 41-60% • = >61% 
ISiuiipk' iiimibi. r K014 R015 ROI6 R017 ROI8 RQl') RQ20 RQ21 
Height 6.4m 6.4m 6.2m 5.4m 4.5m 4.0m 






















• H U i i o p i i d s S 







H k i s p t i e r e s fllH 
TS P TS P TS TS TS TS 
} S3a S3a S6a S8a S4a S2 S2 












H p a n e l l u Gp. 
^enalcLs Gp. 
uledstroeinia Gp. 
Welhercdella t i p . 
iMatr ix 
iBioturbation 
M i c r i t e envelope 





M M M,S S M M 
*1 *2 *3 *3 
*1 Cross lamination 
*2 Vadose silt in fenestrae 
*3 Sample through bulbous stromatoporoid 
Texture 
Matrix 
M=Mudstone, W=Waclcestone, P=Packstone 
G=Grainstone, F=Floatstone, B f= Bafflestone 
Bi=Bindstone, B=Boundstone, D=Dolomite 
M~M'crite, Ms=MictQSpaf, S^par, D=Boloi 'mite ^ 
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Al.2.22 Sourd d'Ave Section 
O = <1% • = 1-20% • = 21-40% • = 41-60% « = > 6 1 % 
|S.IIII|)IL- n i imiur SAl SA2 SA3 SA4 SA5 SA6 SA7 SA8 SA'J SAIO SAl I SAl 2 SAl 3 
4.0m 8.5m 1.1m 4.6m 12.0m 23.5m 6.5m 2.5m 5.5m 5.0m 10.8m 2.0m 13.9m 
Thin Section/ Peel TS TS TS TS TS TS TS TS TS TS TS TS TS 
Microfacics 52 S6b 52 56a S4a 52 5 7 i 57a 57a 5(5/ 5 / 2 i 52 S6a 
Texture F M F P F F G G G G Hi F WP 
Grains: 
Peloids • * • • * • • 
Litboelasts o • • • 
Oncoids 
Ooids j 
Aggregate grains • 
Quartz/ silt grains ' 
Bioclasts: J 
Bulbous stroms. * * • 
Laminar siroms. 
Dendroid stronis. • . 
Slachyodca 
Amphipura i • 
Colonial corals 
Solitary corals i • • • 
Thaninoporoids j 
Bivalves 
Gastropods > • 
Shell hash • 
Kraehiopods 
Braciiiopod spines ! 
C'rinoids i • 
Tcntaeulites 
' Iri lobitcs 
Bryozoans 
Ostrovodcs • # • • 
Leperditia • 
Caleispheres o 




Codiaceaiis S ^ H 
DasycladaccaenHHI o o 
Girvanella C>p. * 
IKcnalcis Gp. 
illedstroemia Gp. 
Wetheredclla C;p. • 
iMatr ix ! M M M M,Ms S,M S S,M S M M,S 
Bioturbati im 




C r a v i t y e c i n c n t ^ j j 
H ^ M n a t i o n ! f l H | 
*1 *1 *2 *3 
* 1 Thin section taken through bulbous stromatoporoid 
*2 Graded lenses 
*3 Unidentifiable cyanobacteria and meniscus cements 
Texture 
Matrix 
M=Mudstone, W=Wackestone, P=Packstone 
G=Qrainstone, F=Boatstone, B f= Bafflestone 
Bi=Bindstone, B=Boundstone, D=Dolomite 
M=Micrite, Ms=Microspai'. S=Spar, D=Doloi 
m 
mite 
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Sourd d'Ave Section 











































Mat r ix 
Bioturbation 







" 55 5Sa S13 54a 5Sa 52 56a S6b 





\ * • 
O 
• * • • • 
r 
M,S M D M,Ms M M,D M,Ms 
V V 
* i *2 *3 
*1 Bioclasts aligned parallel to each other 
*2 Pseudomoiphs of evaporite minerals 
*3 Thin section taken through bulbous stromatoporoid 
Texture 
Matrix 
5 I M=Mi udstone, W=Wackestone, P=Packstone 
G=Grainstone, F=Floatstone, Bf= Bafflestone 
Bi=Bindstone, B=Boundstone, D=Dolomite 
M=Micrite, Ms=Microspar, S=Spar, D=Dolomite e 
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Al.2.23 TeerstraBenbau Quarry 
0 = <1% -=1-20% • = 21-40% •=41-60% *=>61% 
1 S imple nuinhor TSBl TSB2 TSB3 TSB5 rSB6 rSB7 TSB8 TSB9 TSlun TSB12 TSBJ.1 TSltN 7-.SB/.'> 
W i g h t 2.3m 6.0m 8.9m 13.0m 15.0m 17.8m 20.4m 21.0m 23.9m 24.9m 27.7m 30.9m 32.8m 
Thin Section/ Peel P P TS P P TS P P P P P P P 
Microfaeies R2 R2 Rl Rl Rl ? ? ? 9 ? ? ? ? 







Quartz/ silt grains 
Bioclasls: 
Bulbous .stroin.s. 
Luini iuir strums. 






Bivalves • • 
Gastropods • 
Shell hash 
Brachiopuds • * 
iBrachiopod spines o 




Ostrocotles . • 
tlJipcrc . 
| ( ' a l c L s p h ^ H | ^ ^ H 
[Forams ^ W B ^ H o 








jWetheredella t i p . 
iMat r ix M M M D , M D 
IBioturbatiou • 
is::::... :^ 






lOthers -Jt^^^m *1 *1 *1 *1 *2 *2 *2 *2 *2 •2 *2 *2 •2 
*1 Matrix is clay-rich 
*2 Sample is completely dolomitised 
Texture 
Matrix 
M=Mudstone, W=Wackestone, P=Packstone 
G=2rainstone, F=Fioatstone, Bf= Bafflestone 
Bi=Bindstone, B=Boundstone, D=Dolomite 
M=Micrite, Ms=Microspar, S=Spar, D^Dolomite 
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TeerstraBenbau Quarry 
o =<1% -=1-20% # = 21-40% • =41-60% •=>61% 
Sample number 
Height 







































i ledstrorinia Gp. 
VVtthcrcdella Gp. 
Mat r ix 
Bioturbatiun 





.amination i j 
)i es 
TSBI6 /.SB/7 ISHIH TSH2I/ TSII21 Tsim Tsim TSB24 TSlt2S rSB26 TSB27 TSB2S TSB2J 
\ 37.6m 42.0m 43.1m 50.0m 70.7m 72.0m 73.5m 75.1m 76.9m 79.1m 80.0m 82.6m 83.1m 
1 P P P P P P TS TS TS P TS P P 
' ? ? 55 S3a 5Sc 57a 57a SIO 57a S4a 57a 5«c S6b 
i D D W G G G G G G F G G M 
* * * * * • ft ft 
• 
• • 




M , D S S S,M,D S S,M s M S,M S M J ) 
*1 *1 *2 *1,*3 
*1 Sample is completely dolomitised 
*2 Residual clay associated with matrix 
*3 Bioclasts aligned parallel to each other 
Texture 
Matrix 
M=Mudstone, W=Wackestone, P=Packstone 
G=Qrainstone, F=Boatstone, Bf= Bafflestone 
Bi=Bindstone. B=Boundstone, D=Dolomite 
M=Micrite. Ms=Micfo§paf. S=Spar, D=Dolomite 
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Al.2.24 Vaucelles Quarry 
O = <1% • = 1-20% • = 21-40% • = 41-60% • = >61% 
1 Sample luiinber VCl VC2 VC3 VC4 VCS yc6 VC7 VC8 VC9 VCIO veil VCJ2 
Height 1.6m 2.4m 4.1m 6.7m 8.1m 8.8m 9.95m 13.1m 14.95 15.5m 17.1m 19.5m 
I h i n Sec t ion / fH | TS TS TS TS TS TS TS TS TS TS TS TS 
.Microfacic- 566 S6b S6c S6b S6b Si2a S6b 56/ S7a 56a 52 S6b 
Texture M M M M M M M WP G W F M 
Grain.s: 





Quart / / sill gruins 
^ U K L I S I S : 
I I H I I U U S stroms. 
Laminar slruiii.s. 
Dendroid stronis. 
Stocky ode ^  
A mphiporn 








t ' r inoids • 
Tenlaculites 
TrilobitCN ^ ^ ^ ^ 
B r y o y u a n n H H H l 
Ostroeodcs ' M • • . • o . 
Ijeperditia ' T • • 






Dasycladaceueris • * • * • • « 
Girvanellu Gp. • • 
KciiulCLS Gp. 
I l i - i l s l r i i tn i iu Gp. 
Wetlieredella ( i p . 
'Matr ix M M , D M , D M,D M M,S M,D M,S,D S M M,D M 
l i ioturbat ion y y y y y y y y y 
Micr i l e envelope y y y 
Fciiestrae: I ' l ibuUir y 
.Laniinoid/irregiilur 
(ieopclals 
( j ravi ty e e i n e a t ^ ^ 
I . u i n i n a t i c n ^ ^ ^ ^ B y y 
1 *2 *\ 
*1 Sample of matrix 
*2 Very well sorted 
Texture 
Matrix 
M=Mudstone, W=Wackeslone, P=Packstone 
G=Grainstone, F=FIoatslone, Bf= Baftlestone 
Bi=Bindstone, B=Boundstone, D=Dolomite 
JfeMit j r i t fe iMgMcrg^paf , S=Spar, D=Dolomite 
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ide.s ' | ^ ^ H _ 
tia 
Al.2.25 VoBbeck Quarry 
O = <1% • = 1-20% • = 21-40% • = 41-60% 
Sample number | 
l l i i g l i i 
' I l i in Si ' i t i i i i i . ' I ' e i i 
\ I icrofacil .^ 







Quart /ysi l l giuins 




Siiirh} iidi •. 
\ mphipura 
( olonial corals 
Solitarv corals 
' I liamnoporoids 
lli\al>cs 
(^a.slropods 
Shi II hash 
It] acliiiipiids 










I i i ibi l l ids 






\ \ el he rede 
M : i l r i \ 
Biolui batiiin 
.Miciile entelope 






VI V2 V3 \4 y 5 V7 V8 V9 VIO VIl 172 VI3 VJ4 
' '1.05m 2.1m 4.1m 7.6m 8.0m 14.9m 16.5m 17.8m 18.7m 21.6m 26.5m 27.2m 27.8m 
\ TS TS TS TS TS TS TS TS TS TS TS TS TS 
54a 54a S4a S6b S7a 54a 54a 5Sa 52 54* S4a 5<Sa S8a 
F F F M G FBf F M FB F F W W 
« ft ft . . ft ft 
ft • 
• 





. • • 
o o f • o • 
O 
O 
M,S,D M , D M,D M,S,D S,M M M,S,D M M,D M,S,D M,D M,S M,S 
*1 *1 *2 *3 *2 
*1 Grains encrusted by cyanobacteria 
*2 Internal sediment-fill at base of fenestrae 
*3 Matrix very peloidal 
Texture 
Matrix 
M=Mutlstone, W=Wackestone, P=Packstone 
G=Grainstone, F=noatstone, Bf= Baftlestone 
Bi=Bindstone, B=Boundstone, D=Dolomitc 
MaMcnte . MssMagspat . S=Spaf. D=Doloniilg 
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VoBbeck Quarry 
O = <1% • = 1-20% • = 21-40% • = 41-60% #= >61% 
Sample nunihcr | 
Height 


















' i ' l ianinopiirnid' 
Bi iubcs 
slropoii ' 













I >.!>.> cladai 1 
( i l l ^fiiK-lIa < • 
Kci iakis) 
llcdstroeii 
Wct lu rcdclla I 
Matr ix 
Bii i lurbat i i i i i 
.MiVrile e i iMli ipi | 





V i 5 V16 V17 V18 V19 V20 V21 V22 
• 3().7m 32.7m 35.4m 36.8m 40.4m 48.2m 48.8m 50.1m 
TS TS TS TS TS TS TS TS 
S7a 54a 52 52 52 S4a 5-^ a S4a 
G F F F F W W P 
* * 







M,S M,S,D M M,S M,S 
y y y y y 
* i *2, *3 *2 *2 *\ * i 
*1 Sample taken of matrix 
*2 Thin section taken through bulbous stromatoporoid 
*3 Stromatoporoid encrusted by Girvanella 
Texture 
Matrix 
M=Muclstone, W=Wackestone, P=Packstone 
G=Grainstone. F=Floatstone, Bf= Bafflestone 
Bi=Bindstone, B=Boundstone, D=DoIomite 
M=MicPte,Ms=Microspar, S=Spar, D=Dolomite 
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Al.2.26 Walheim Section 1 
0 = <1% • =1-20% # = 21-40% 9=41-60% ft=>61% 
1 Sample number WCP/ VVCF2 
! 7.15m 6.0m 
Thill Section/ Peel TS TS 
Microfacies Sl2a 57 






























I'ndelermincd ^ I^H 














X>lhers *1 *2,*3 
*1 Grains aligned parallel to bedding 
*2 Vadose silt in base of fenestrae 
*3 Sample of clast in SI breccia 
Tcvtuns 
Matrix 
M=Mudstone, W=Wackestone, P=Packstone 
G=Grainstone, F=Floatstone, B f = Bafflestone 
Bi=Bindstone, B=Boundstone, D=Dolomite 
M-Micri te , Ms=sMicrpspar, S=Spar. teDolpmite 
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Thin section descriptions 
Al.2.27 Walheim Section 2 
O = <1% • = 1-20% • = 21-40% • = 41-60% * = >61% 
Isamplf iuiin!>(.'r will 117/2 Win 117/4 117/5 WH6 117/7 WIIH WI19 WIIIO wmi U / / / J WIII3 
Wright 39.0m 37.8m 35.9m 32.7m 30.8m 28.7m 26.9m 23.6m 20.9m 19.0m 16.4m 15.7m lS.3m 
Thin Section/ fl^H TS TS TS TS TS TS TS TS TS TS TS TS TS 
Microfacies 52 5Sa 52 56a 5/0 52 52 58a 5/5 S4a 52 56a S8a 
:Texture i i ^ l 
F W F W B F F W M W F W W 
Grains: V H | 





Quartz/ silt grains 
•Bioclasts: 
Bulbous strums. * * * * 
iLurninur strums. 














^ryozoans 9 | 
iOstrucodes o • • • 
iLeperditia 
ICalcispiieres 
iForanis • o o 
jiponge .spicules 
l lmbell ids • 
Undetermined 
ICodiaceuns f j ^ H o 
Dasycladaceaen^"! • • « * * • 




Mat r ix M M.Ms M M M.Ms M M,Ms M.Ms, 
Bioturbation y y y y y y y 
Micri te envelope y 
Fenestrae: Tubular y 
I .aminoid/irregiilar y y y 
Geupelals y 
Gravity c e m e n ^ ^ i 
JLaininulion jj^H 
*1 *2 •3 *1 *1 *4 »1 
*1 Thin section cut through bulbous stromatoporoid 
*2 Fine-grained internal sediment at base of fenestrae 
*3 Sample of matrix 
*4 Pseudomorphs of anhydrite 
Texture 
Matrix 
M=Mudstone, W=Wackestone, P=Packstone 
G=2rainstone, F=noatstone, Bf= Bafflestone 
Bi=Bindstone, B=Boundstone, D=Dolomite 
MjMtcrite. Ms=Microspar, S=Spar, D=Dolomite 
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Al.2.28 Walheim Southern Limb 
0 = <1% -=1-20% • = 21-40% #=41-60% 
Samplt iuiiiil»er I 
i l d p h t 
Thin Section/ Peel 
Microfacics 
















































i , p . 
l a t i o n 
wsu WSU W'SU \\SL6 IV.S7.7 \\SL9 n SI III WSLII H.S7./.' ir.vA/.? 
O.Sm 1.6m 4.6m 5.3m 7.8m S.OSm 8.4m 9.3m 11.Sm 11.8m 12.35m 14.2m IS . lm 
! TS TS TS TS TS TS TS TS TS TS TS TS TS 
i 57a - - - SIO S6b S7a 5Sc S6c SIO 5/2-2 57a S6d 
G D D D G M G G G G MG G W 







* o o o • o • 
o o • 
. • O 
S,M S,M M S S M.S s S M,S M 
V 
V 
*1 *1 *1 *2 *3 *4 
*1 Dolomite is fabric-destructive 
*2 Aligimient of bioclasts parallel to bedding 
*3 Fi l l of fine-grained peloids in base of fenestrae 
*4 Transition from S12 to S2 facies 
Texture 
Matrix 
M=Mu'istone, W=Waclcestone, P=Packstone 
G=Grainstone, F=Floatstone, Bf= Bafflestone 
Bi=Bindstone, B=Boundstone, D=Dolomite 
M=Micrite, Ms=Mtc:o£par, S=Spar, D=Dolomite 
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Thin section descriptions 
Walheim Southern Limb 
o = <1% = 1-20% • = 21-40% • = 41-60% *=>61% 
|S;n)iplc' nuiiiher \\SU4 WSIJ5 nsu6 WSU7 wsus 1I.S7J9 nSL2ll WSL2I mu2 nSL2.1 115/..V U.V/.J5 
llcifiht i 16.1m 17.8m 18.85m 19.3m 21.75m 22.8m 33.6m 34.1m 34.2m 34.3Sm 34.55m 37.9m 38.0m 
Th i l l Section/ Peel TS TS TS TS TS TS TS TS TS TS TS TS TS 
MicrHfacits S6a S6b S6a S7a S6e S2 S12a S8c S4a S2 5&I S2 R4c 
Texture W M WP G M O B PG G B f P M G G 
Grains: 
Peldids * « • « « • . . 




Quari/J silt grains 
Biodast.s: 
Itulhous strnin.s. * 
il .uniinur stroins. 
Dendroid stronis. 
Stachyodes 











pr i iobi tes ^gMj 
itryozoans 
lOstrocodes o • 
l^perditia ^ 





Codiuceans fl^H • 
Dasvcladaceaen^^ • 0 . 
('•irvanellu ( i p . 
Renulcis Op. 
Ilcdstroemia Oamm 
VVctheredella wKj^ o 
Matr ix " M , D M M,S S M,S S,M SM M,S M M S,D S,M 
l i ioturbat ion 





Lamination j ^ H 
*1 *2 *3 
*1 Thin section cut through bulbous stromatoporoid 
*2 Fenestrae fUled with fine-grained peloids at base 
*3 Alignment of bioclasts parallel to bedding 
Texture 
Matrix 
M=Mudstone, W=Waclcestone, P=Packstone 
G=Qrainstone, F=Floatstone, Bf= Bafflestone 
Bi=Bindstone, B=Boundstone, D=Dolomite 
M=Micrite, Ms=Microspaf, S=Spaf, D=Dolomite 
Appendix I • 363 
Thin section descriptions 
Walheim Southern Limb 
0 = <1% -=1-20% • = 21-40% # = 41-60% »=>61% 
Sample number | 
Height 






































Kenuicis ( i p . 
Iledstroemia Gp. 
Wctlieredella Gp. 


















D , M 
*1 
*1 Bioclasts aligned parallel to bedding Texture 
Matrix 
M=Mudstone, W=Wackestone, P=Paclcstone 
G=Cirainstone, F=Hoatstone, B f= Bafflestone 
Bi=Bindstone, B=Boundstone, D=Dolomite 
MjiMicrite, Ms=MicoSPaf, S=Spar, D=Do!omite 3 
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APPENDIX TWO 
A 2 . D E T A I L E D S E D I M E N T A R Y L O G S ; 365 
- A2.1 A L T B R E I N I G Q U A R R Y . . , 366 
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A 2 . 3 BELLIGNIES BETTRECHIES QUARRY 372 
, A 2 . 4 BLEIWASCHEQUARRY. . ....^ ; : 377 
A 2 . 5 B L E I W A S C H E ROAD CUTTING : ; 381 
A 2 . 6 BROADRIDGE WOOD QUARRY 382 
'A2.7 C u L D'HbuiLLE QUARRY 385 
A 2 . 8 DouRBESQUARRY . . . r . . . -. : -390 
A 2 . 9 FRIOD L I E U QUARRY- ^ 393 
A 2 . 1 0 G L A G E O N QUARRY.. . : ..' 396 
A 2 . 1 1 G'OODRINGTON ROAD CUTTING : 407 
A 2 . 1 2 HANIELSFELD QUARRY ..-. '. ". 408 
A 2 . 1 3 H E G G E N QUARRY 409 
A 2 . 1 4 K E L D E N I C H QUARRY .-. : 418 
A 2 . 1 5 LINHAY H I L L QUARRY 4 2 0 
A 2 . 1 6 M E D E N B A C H QUARRY '. • . . . .424 
A 2 . 1 7 NlSMES QUARRY '.. '. /. 427 
A 2 . I 8 OBERRODINGHAUSEN QUARRY ; 429 • 
A 2 . 1 9 O L L O Y - S U R - V I R G I N QUARRY...'. 435 
, A 2 . 2 0 R E S T E I G N E QUARRY , v -. .- 439 
A 2 . 2 1 R Y D O N QUARRY .' . . .446 
A 2 . 2 2 SCHMIDHOFQUARRY.. . . . . - 448 
A 2 . 2 3 SOURD D'AVE • '....I'. : : : ; . . . .450 
A 2 . 2 4 TEERSTRABENBAU QUARRY .: : 453 
A 2 . 2 5 V A U C E L L E S QUARRY • 459 
A 2 . 2 6 V EN WEGEN QUARRY •. .^ 461 
A 2 . 2 7 VbBBECK QUARRY 462 
A2.-28 W A L H E I M SECTION 1 ;.: .-. ; • - • • 466 
A 2 . 2 9 W A L H E I M SECTION 2 '• ••• • 468 
A 2 . 3 0 W A L H E I M SOUTHERN LIMB • 472 
Detailed sedimentary logs 
A2. Detailed sedimentary logs 
The following Appendix presents detailed logs for the studied successions. Logs were 
drawn up at a 1:10 scale in the field, and are presented in this Appendix at a 1:55 scale. All 
grains present in the rock are recorded on the log (including thin-section information, 
where samples were collected), as are the sample number, rock texture (using Dunham 
(1962) and Embry and Klovan (1971) schemes), sedimentary structures, salient features, 
cyclicity and microfacies. Figure A2-1 presents a key for the logs. 
Stromatoporoids 
small bulbous 
















/ / crinoids 









I I mudchips 
oncoids 
0 aggregate grains 
Q microbial lumps 






















Figure A2-1 Key to symbols used in logs. 
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Detailed sedimentary logs 

































^ 6i> ^ 
I I I I I . 
I J I I I • 
6 s a. e ^ 
I I I I I I I I I I I I I 
1 1 1 i i t 7 8 9 10 I I 12 13 U 
I I I I I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 
SHELF 
MICROFACIES 
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^ ^ § ^ 
^ ^ ^ ^ ( a 
I I I s I I 
I I I I I I I I I I I I I I 
1 2 3 4 5 6 7 S 9 10 n 12 13 14 
I I I I I I I I I I I I I 
I 2 3 4 5 6 7 8 9 10 11 12 13 14 
S H E L F 
MICROFACIES 
i 
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Bioc asts in 
small nests 
Bituminous 







y . .. _ 
Stachyodes have 
a dark rim 
Y. .Y. .Y. L X 
!7 
1/ 
1 i A A A A A A A\ 
Amphipora aligned 
parallel to bedding 
-Thamnoporoids encrusted 
^ by stomatoporoids 




I I I I I I I I I I I I I I 
1 2 3 4 5 i 7 8 9 10 11 12 13 14 
I I I 
1 2 3 
I I I I I I I I I I 
5 6 7 8 9 10 11 12 13 14 
I 
I I I m I I I I I I I I 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 
SHELF 
MICROFACIES 
Appendix 2 • 368 





























y Y y y r m 
Volcanic tuff -
orange colouration 
17 - ^ ^ " ^ Y ^ 
Matrix is 
bituminous 
o ( o J 
) 
0 ^ 
0 0 - J 
y Y <^ Y ^ J 
V g y y ( ^ Y ^ 
J. 
o Y>w0 ) 
Amphipora have 
dark rims 
f i l l 
s i. = 





I I I I I I I I I I I I I I 
I 2 3 4 5 4 7 8 9 10 I I 12 13 14 
I I I I I I I I I I I I 
3 4 S <i 7 8 9 10 11 12 13 14 
I I I I I I I I I I I I I I 
1 2 3 4 S 6 7 8 9 10 11 12 13 14 
SHELF 
MICROFACIES 
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. Y ^ ( 1 
ostracodes aligned 
parallel to bedding 
Y Y ^ . 
Y y g Y y Y j 
Y Y V/-^ 
Y \ 
. . • • • . , •«• •• • 
50cm inaccessable 
y Y ( ^ Y ^ Y @ ^ 
Y y Y y y j 
Y Y Y ^ 
\ - Y ^ 
VTTTV, Y Y > 




I I I J I I I I I I I I I I 
1 2 3 S—F—? 7 8 9 10 11 12 13 14 
A2 20 
I I I I I 
1 2 3 4 5 
I I I I I I I I 




I I I I I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 
SHELF 
MICROFACIES 
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Y<2> 57 Y ^ 
W W ^ Y © ^ 
i I I I ^ 
I I I I I I I I I I I I I I 
1 2 3 4 S 6 7 8 9 10 11 12 13 14 
SHELF 
MICBOFACIES 
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Detailed sedimentary logs 



























12cm of succession missing 
17cm of succession missing 
fi^^<-
<3 e ocs 4 1 ® 






7cm of succession missing 
i I i I I 
.8 
CI 6 
C i / 3 
CI 
I I I I I 
3 4 S 6 7 
1 I I I I I 
2 3 4 5 6 7 
I I I I I I 
1 2 3 4 5 6 7 
R A M F 
M I C R O F A C I E S 
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•3 --^  g?^ cs j 
1 
I 
^ r ^ 0\ 
Lepertitiid ostracode 
accumulations 
parallel to bedding 
^'^^I^Hydrodynamically 




8cm of succession missing 
Slightly bituminous 
^ ^ ^ H 
J i L . 
C2 / 12 
C3 / 11 
C3 / 8 
C J 
I I I I I I I 
1 2 3 4 5 « 7 
I I 
1 2 
I I I I 
4 S 6 7 
I I I I I 
3 4 5 6 7 
R A . M P 
M I C R O F A O E S 
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I®® ®"®®® ®® ®»®"\ 
3cm of 
succession missing 1 
1 
17cm of succession missing 
i 
18cm of succession missing 
16cm of succession missing 
18cm of succession missing 
I I I I I I 
4 5 6 7 
1 I I I I I 
2 3 4 5 6 7 
13 
12 
I I I I I I I 
1 2 3 4 S 6 7 
RA.Mr 
MICKOFACIES 
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Bellignies-Bettrechies quarry 


















_^  \ ^ 
) '-^^ .'-4n-,many Leperditiid 
' -1^^J^mCi ostracodes aligned 
^* parallel to bedding 
^bituminous 
Slightly bituminous 
\ Slightly bituminous 
CI / 22 
C i / 20 
C3 / 17 
I 1 I I I I I 
1 4 3 4 5 6 7 
I / I I I I 
1 t—i 4 5 6 7 
I I I I I I I 
1 2 3 4 5 6 7 
RAMP 
MICROFACIES 
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I I I I I I I 
1 2 3 4 5 6 7 
Co 3 Coral 320mm diam 
• ^  ^  rS^ ^JBed parallel accumulations 
• 12cm of succession missing 
r 
I I I I I 
1 2 3 4 5 
CI 25 
C3 / 24 
i V O L * A l o -i] 
19cm of succession missing 
I I 
I I I I I I I 
1 2 3 4 5 6 7 
RA.MP 
MICROFACIES 
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Detailed sedimentary logs 




























Yy ^ % ^ 
^ ^ Y Y ' 
^ w gj, 
Y • ' ^ Y ' Y v *v* 
V o Y - Y ^ W - ' Y k 
• V . * Y : Y . ^ Y ; % Y 
Y 
^ , ^ ^ ^ V Y ^ ^ ' 
Y » Y « Y Y g Y « q 
57 ^ ^ S7 ^ 
. 1 ? o Y X « 






I I I I I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 
Al 5 
A3 / 2 
I I I I I I I 
1 2 3 4 5 6 7 
I I I I I I 
9 10 11 12 13 14 
I I I I I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 
SHEtP 
MlCROFACmS 
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Detailed sedimentary logs 
<2) (P' J S& 
© 0 ' 
^ Y ^ ^ ^ 
































Y © Y © Y ^ 1 
Y Y V Y Y Y V Y Y Y Y 
? o V v ! / Y - . y , ' 
Y S / Y Y 
Y Y Y , 
Y Y Y 
Y V Y y Y Y Y Y 
j 3 Y * > Y ' Y o Y o Y « Y ^ 
Y Y Y Y Y Y 
J , 
Gravitational cements 
Y Y Y y Yy 
Y Y Y Y Y Y Y Y ^ Y 
. • ^ . < ^ . Y . ^ . . < ; 
14 
10 
I I I I I I I I I I I I I I 
I 2 3 4 5 6 7 8 9 10 I I 12 13 14 
- M I I I I I I I I I I 
3 4 5 6 7 8 9 10 I I 12 13 14 
I I I I I I I I I I I I I I 
I 2 3 4 5 6 7 8 9 10 I I 12 13 14 
SHELF 
MICBOFACIES 
Appendix 2 • 378 





























Y ^ Y Y Y Y Y Y Y 
Y ^ Y Y \ Y Y Y 
I I I I I I I I I I I I I I 
1 2 3 4 5 6 7 < 9 10 11 12 13 14 
Y © 57 © Y"^ ^ 
Y l ^ Y Y l f ^ Y 
® Y ^ ^a^^ 
Y57 Y 
Y Y y Y Y ^ Y Y 
V Y Y ^ Y 
Y Y ^ Y ^ 
Y ^ Q Y 1/ 
Y ^ Y 57 Y 1 
Y y ^ Y Y\? V 
Y Y Y Y , 
Y ' Y Y J 
o • • © Y * 
Y Y Y Y Y Y Y 
Y Y Y Y 
Y Y Y Y \ - Y 
Y ^ Y Y Y Y 
Y ©Y Y Y tg) Y 
Y 
57 Y ^ Y Y Y @ 1 7 Y ^ Y 
Y <aY ^ Y ^ Y 
* 57 .0 . Y ^ i s ; 
> . Y f 5 7 ' 0 . - c ^ . 
^ Y Y Y 
Y Y Y ] 
^ Y Y ^ y ^ Y g p Y ^ ^ 
V Y Y Y ^ Y X O ] 
^ Y Y y Y Y Y Y 
Y . o ( S i ; . © Y o © ' 
V . Y ^ U Y Q V Y ^ . 
57 § Y ) 
Y Y Y Y 
\ Y Y ^ Y Y Y Y J 
Q Y 57 g& ^ 
B7 23 
A2 22 
A i / 18 
I I I I I I 
1 2 3 4 5 6 
I I I I I I I 
8 9 10 I I 12 13 14 
I I I I I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 
SHELF 
MlCROFACIES 
Appendix 2 •379 













I I I I I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 10 I I 12 13 14 
® > ' ' Y ® 5^  Y © j 
V ^ Y y Y 
^ Y 
Y Y V T 
£ s c c c 
I I I I I I M I I I I I I 
I 2 3 4 5 6 7 8 9 10 I I 12 13 14 
SHELF 
MICBOFACIES 
Appendix 2 • 380 
Detailed sedimentary logs 




















0 » » 
Y Y 5 ^ ' - > Y . - / Y 
> ; Y : / . Y . v 
^« Y .Y L Y Y 
3 1 
Y Y J y Y ^ Y 
YY Y ^ Y ^ Y ^ Y , 
Y Y Y Y Y g Y l 
! P ' ^ . Y ( r . . ^ o i 
Y Y 3^ 
Y Y(^YY Y y ^ T ^ ) 
Y ' Y ^ Y J V © Y ^ ' 
Y VA'— 
J 
Y Y ' 5 ^ ' Y Y V 
Y . Y 
Y Y ^ y . Y Y , > 
' Y 
I I I I I I I I I i I I I I 
1 2 3 4 5 6 7 8 9 10 I I 12 13 14 
A2 
Amphipom 
= Y Y Y Y Y Y ] 5 > aligned 
Y » Y Y Y T parallel to 
Y Y Y Y Y Y M "'"'""^ 
1 
I I I I I 
1 2 3 4 5 
I I I I I I I I 
« 7 8 9 10 I I 12 13 14 
SHELF 
MiCROFACnS 
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Detailed sedimentary logs 



















§ 0 . 5 
Y V Y \ Y Y 
Y Y Y Y Y Y 
1 
Y ,* Y ® v Y Y Y Y Y « Y » Y J L _ -
Major bench in quarry 
• j C i > Y » « » " 
^ ^ ' ^ Y 
Y o ^ Y 
I % I 
s 1 e 
I I I I I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 
52 
I I I I I I I 
1 2 3 4 5 6 7 
B7 
I I I I I t 
9 10 I I 12 13 14 
1 I I I I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 10 I I 12 13 14 
SHELF 
MiCROFACIES 
Appendix 2 • 382 
Detailed sedimentary logs 






























« q Y o 
Y j ' 57 o Y ^ ^ ] 
Y ^ V Y ^ 
367cm of 
succession missing 
Y Y Y 57 Y ) 
c- Y - Y Y ® Y 
Y Y Y * Y Y Y ® 
Y * Y Y . Vy l 
. V Y O Y I J 
. Y Y , Y • F 
Y Y j f Y r Y Y Y Y ] 
. J ^ ^ Y | Y * Y ^ 
« Y 
. . Y Y J Y > n 
Y Y - ^ Y ^ Y ^ 
^ g < : > Y g 5 7 Y Y 
i ^ ^ ' ^ o j 7 Y 
\ ' Y 5 7 ^ Y 57 Y « ^ 
Y ^ Y Y J Y Y Y y . 
s s s S 
I I 
A2 / 6 
Al / 5 
I I I I I I I I I I I I I I 
1 2 3 4 S 6 7 8 9 10 11 12 13 14 
I I I I I I I I I I I I I 
I 2 3 4 5 6 7 8 9 10 11 12 13 14 
I I I I I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 
SHELF 
MICROFACTES 
Appendix 2 • 383 
Detailed sedimentary logs 













Y T N W Y 
Y Y 
Y Y ^ Y 
P Y gp Y w Y Y 
Y ^ Y ^ Y Y ^ ^ Y 
^ Y 
Y Y Y . 
• 7 • P « 
q Y 
s s I I I 
I I I I I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 10 I I 12 13 14 
I I I I I I I I I I I I I I 
1 2 3 4 S 6 7 8 9 10 I I 12 13 14 
SHELF 
MICROFACIES 
Appendix 2 • 384 
Detailed sedimentary logs 
























Y '/'^ Y ^ Y ^ 
y y g y Y ^ 
17 p^P9SP 5 / 
^ ^ Y If ^ 57 
^ y g p ^ 
3 1 
g ^ ^ Y ^ § ^ Y 
^ Y ^ 
Y ^ Y Y y ; 
B3 / 12 
Al 
I I I I I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 10 I I <2 13 14 
I I I I I I I I I I I I 
3 4 5 6 7 8 9 10 I I 12 13 14 
I I M I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 10 I I 12 13 14 
SHELF 
MICROFACIES 
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Detailed sedimentary logs 


























0 , 0 (5)0,^ ©Oro® 
s * 4 ! f 0 V y ^ a Of 
13.5 
Y57 ^ Y 57 ^ 57 1 Y Y 5 7 Y J 
0 ) 
Y ^ J 5 7 ^ 
. ^ ^ , - Y ^ 
57 Y Y § 
5 7 ^ Y / Y y 
Y p Y 57 Y ^ ^ 
Y 57 Y 57^ Y 
57 Y 57 Y ^57 
Y 5 7 Y Y Y 5 7 Y Y Y ^ ^ Y 
Y V Y J T V I 
w Y5^57 Y Y 
57 ^ ^ ^ 5 7 ^ ^ 
^ ^ 57 ^ ^ 57 
57. Y«Y ^ Y« Y Y 
! Y 5 7 T % g Y ^ Y 
B4 17 
A ; / 16 
B3 / 14 
A7 
I I I I I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 
I I I I I I I I I I I I 
3 4 5 6 7 8 9 10 11 12 13 14 
I I I I I i I I I I I I I I 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 
SHELF 
MICROFACIES 
Appendix 2 • 386 
Detailed sedimentary logs 




























Y o V Y ^ Y Z J 
Y o major surface 
0 « . Y in quarry 
i9 . ' ^ ^ ' . t ^ ' ^ ^ 
^ Y 
17 Y 
Y Y _ Y 
\ 
I I I I I • 







I I I I I I I I I I I I I I 
1 2 3 4 5 4 7 8 9 10 I I 12 13 14 
I I I P T 
1 2 3 4 5 
I I I I I I I I 
7 8 9 10 I I 12 13 14 
I I I I I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 10 I I 12 13 14 
SHELF 
MICROFACIES 
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Detailed sedimentary logs 

























1 P P 
r 
± 
Y <^  Y <^  Y m r ^ 
J7 Y ^ Y ^ 
P V Y ^ Y 
Y . \ ^ Y 
Y Y o Y 
Y ^ Y ^ ^ Y ^ 
V © Y 
Y ^ M /ei Y ^ 
^ i ^ Y V Y ^ S ^ Y 
Y . ^ Y Y ^ ^ Z ] 
^ 17 © Y ^ ^ 
Y ^ / Y ^ 
^ 17 Y © Y 
17 57 ^ p 17 




Y Y Y y 







; i 11 
A i 33 
A7 / 29 
A2 / 28 
27 
I I I I I 
I 2 3 4 5 
I I I I I I I I 
7 8 9 1 0 I I 12 13 14 
I I I I I I I I I I I I 
3 4 5 6 7 8 9 1 0 I I 1 2 1 3 14 
I I I I I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 1 0 11 1 2 1 3 14 
SHELF 
MICROFACIES 
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Detailed sedimentary logs 























I I I I I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 
Y ^ 9 Y 
\ 
© 57 ^ Y ® 
57 ^ Y ^ ^ 5 7 
major surface 
in quarry 
© Y © 
Y ^ Y 
^ Y 
Al / 39 
I I I I I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 10 I I 12 13 14 
Appendix 2 • 389 
Detailed sedimentary logs 



























^ Y^~ '57 
Y 57 Y Y 57 57 
57 Y © 57 © Y 
57 Y ^ " Y 
5 7 , ^ ' ^ i 7 ' ' ^ - ^ ^ o 
17^^57. 
57 
o , 0 
Y - ^ Y ^ Y ' ^ ) 
Y 57 
57 Y 
o Y ^ * o f 
9 57 
^ Y 57 Y ^ Y 
Y 57 V y r 
^ Y 57 Y ^ 
57 Y ^ 
57 
57 
^ !i7 > 57 Y g& ] 
5 7 Y 57 ^ 
© 57 ^ 
Y © Y ^ ^ Y 5 7 Y ) 
^ Y ^ ^ Y , -
& Y 57 Y ® ^ 
3 J i l l . 
' I t t I , 
A 2 / 9 
A ; 8 
I I I I I I I I I I I I I I 
I 2 3 1 5 6 7 8 9 10 11 12 13 14 
I I I I I I I I I I I I 
3 4 5 6 7 8 9 10 11 12 13 14 
I I I I I I I I I I I I 
2 3 4 5 6 7 8 9 10 11 12 13 14 
Appendix 2 • 390 












^ 5 7 ^ ^ 
Y . y . J m 
o y y © Y © 
^ p \ y i 7 ^ s f 
17 Y 
I I I I I I I I I I I I I I 
1 2 3 4 5 4 7 8 9 10 I I 12 13 14 



















y Y 17 
V V © y ©V V^Var - ) 
17" 1 7 ^ J 7 ® J Z _ ^ B 
1-
g o ) 
^17 % 
A2 / 15 
13 
12 
A2 / 10 
I I I 
I 2 3 
I I I I I I I I 
5 6 7 8 9 10 I I 12 13 14 
3= ' 
I I I I I I I I I I I I I I 
I 2 3 4 5 6 7 8 9 10 I I 12 13 14 
Appendix 2 • 391 























^ Y 57 ^ Y ( ^ 
57 ^ Y ^ 57 
^ Y WQ57^Y;# 
5 f ^ Y ( ^ Y t ^ < ^ 
i ^ V e r y large (36cm) 
-^bulbous stroms 
M a ^ surface 
in quarry 
3_ 
^ ^ . 5 7 . Y . ^ r ^ ^ " Y ^ ^ 
57Y '5 'gb57 5 7 Y . ' g 5 7 ^ g ^ 
40cm grass covered 
57, Y © V Y ^ - ^ ^ Y I 
A W 
Branching stroms 
have a prefered 
orientation 
s s s s s 
?>. $ i i 4 




A2 / 20 
I I I I I 
1 2 3 4 5 
I I I I I I I I 
7 8 9 10 11 12 13 14 
I I I I I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 10 I I 12 13 14 
SHELF 
MICROFACIES 
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Detailed sedimentary logs 


























I I I I I I I I I I I I I I I I I I I 
1 2 3 4 5 1 2 3 4 5 6 7 8 9 10 1 ] 12 13 14 
Co' 
I I I I I 
1 2 3 4 5 
I I I I I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 1 0 1 1 12 13 14 
Area difficult to sample 
I I I 
1 2 3 4 
RANO-
MICROFACIES 
I I I I I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 
SHELF 
MlCROFAOES 
Appendix 2 • 393 
Detailed sedimentary logs 
Froid Lieu quarry 
2 6 
I 2 5 . 5 
2 5 
2 4 . 5 
2 4 
2 3 . 5 
2 3 
2 2 . 5 
2 2 
2 1 . 5 
2 1 
2 0 . 5 
2 0 
1 9 . 5 
1 9 
1 8 . 5 
1 8 
1 7 . 5 
1 7 
1 6 . 5 
1 6 




I I I I I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 1 0 11 12 13 14 
1 
1 
- ( S o 
1 Large dissolution cavities I I I I I 
1 2 3 4 5 
B2 
" y 
I I I I I I I I 
7 8 9 1 0 11 12 13 14 




1 4 ; 
1 3 . 5 o 
o o ) 
0 * ) 
B2 
I I I I I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 10 I I 12 13 14 
SHELF 
MICROFACIES 
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Detailed sedimentary logs 
Froid Lieu quarry 
I I I I I I I I I I I I I I 










i t ! 
I I I I I I I I t I I I I I 
1 2 3 4 5 6 7 8 9 1 0 11 12 U 14 
SHELF 
MICROFACIES 
Appendix! • 395 
Detailed sedimentary logs 




















A ^ A 
5.5 H * 1 
>^ A 
5 H A * ) 
4.5 
4 
< ^ x r : > -cr> o <o3 
I I I I I I I 
2 3 4 S 6 7 
c ; 
1 — ^ 
1 I I I I I 





I I I I I I 
1 2 3 4 5 6 7 
RAMP 
MICROFACIES 
Appendix 2 • 396 













































I I I I I I I 
3 4 5 6 7 
1 I I I I I 
2 3 4 5 6 7 
I I I I I I 
1 2 3 4 5 6 7 
RAMP 
MICROFACIES 
Appendix! • 397 





























® • 0 
• ® @ ® 
® ® ® 
A ® • 
a ® 
® A s ® 






® O ® ® ®* 
3 ® e ® ® , ® 7 
a ® ®.^®' a ©® 
® ® ® ® ® a ® ® 
, ® @ ® ® ® ® ® 
1 i I 
I I I I I I I 
2 3 4 5 6 7 
C2 12 
I I I 
1 2 3 
I I I 
5 6 7 
CI / 11 
10 
I I I I I I 
1 2 3 4 5 6 7 
RA.MP 
MlCROFAOES 
Appendix 2 • 398 








































I I I I I I I 
2 3 4 5 6 7 
1 I I I I I 
2 3 4 5 6 7 
I I I I I I 
I 2 3 4 5 6 7 
RA.MP 
MICROFACIES 
Appendix! • 399 





























I I I I I I I 
2 3 4 S 6 7 
CI 18 
•7 V^  
6 i& * 
233cm of succession missing 
1 I I I I I 
2 3 4 5 6 7 
V CI 
I I I I I I 
1 2 3 4 5 6 7 
RAMP 
MICROFACIES 
Appendix 2 • 400 





























^ A A A A M A \^ 
A ^ ^ A ^ 
^ / A ^ ' 
"0^ V ^ ^ 7 
0). o 
CI 
I I I I I I I 
4 5 6 7 
I I I I I I 
4 5 6 7 
i 1 i- 1 
I I I I I 
1 2 3 4 5 6 7 
RAMP 
MICROFACIES 
Appendix 2 • 401 



























78 i i 
I I I I I 
I 2. 1 = I 
24 
I I I I I I I 
2 3 4 5 6 7 
1 I I I I I 
2 3 4 5 6 7 
I I I I I I I 
1 2 3 4 5 6 7 
RAMP 
MICROFACIES 
Appendix 2 • 402 































O 0 O A O » < I O O 
I 
& cs P 






p ^ ^ ^ ^ 
H 








^ H ^ 
H \. H 







C2 / 25 
I I I I I I I 
1 2 3 4 5 6 7 
I I 
1 2 
I I I I 
4 S 6 7 
I I I I I I 
I 2 3 4 S 6 7 
RA-MP 
MICROFACIES 
Appendix 2 • 403 










































108 3^  * ? 
2" V. ^ a g 
y g . 
^ ^ g 
// 0 H 
A A 
A vv 
H ^ H 
\ i \ 
{ t i l l 




I I i l I I I I 
1 2 b 4 5 6 7 
I I I I 
4 5 6 7 
I I I I I I 
1 2 3 4 S 6 7 
RA.MP 
MICROFACIES 
Appendix 2 • 404 






























LJ>P C J 
« y y y * y 
^ P J 
p 57 





H * o 
I I I I I 1 i I = 1 
I I I I I I I 




I I I I 
4 5 6 7 
I I I I I I I 
1 2 3 4 5 6 7 
RA.MP 
MiCRQFACIES 
Appendix 2 • 405 
























50cm of succession missing 
* H ^ 
y v y y y y 
^ g * 
g S & B C 
I I I i 
3 4 5 6 7 
I M I I I I 
1 2 3 4 5 6 7 
RA.MP 
MICROFACIES 
Appendix 2 • 406 
Detailed sedimentary logs 



















y m Op \ 
^ y 
y o y 
y ^ » y 
' y % ^ 




« y y y 
<5 . V . (3 
I I 
I I I I I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 10 1 1 12 1 3 14 
I I I I I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 10 1 1 1 2 13 1 4 
I I I I I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 
SHELF 
MICROFACIES 
Appendix 2 • 407 
Detailed sedimentary logs 

























up to 7mm corals encrusted 





^ g - i ? ^ g 
W = ) 
1.5 ) 
g % ' 
1 
0.5 ^ ^/ 
Slightly bituminous, 
bioclasts aligned parallel to bedding 
I I I 
4 5 6 
I I I I I 
1 2 3 4 5 6 
RAMP 
MICROFACIES 
Appendix 2 • 408 
Detailed sedimentary logs 


















I I I I I I I I I I I I I I 
4 5 6 7 8 9 1 0 11 12 1 3 14 
A3 / 3 
z : 







parallel to bedding 
Y T 
I I 
17 S7 V ] 
^ Y Y ^ 
Y 57 ^ 17 
Y Y Y g V Y; ^ ^ ^  17 ^• 17 ^ ^ ^ 17 Thamnopora often parallel to bedding 
Stachyodes often 
parallel to bedding 
5/. . 57 17 
1. 
17 YY Y 57 ) 
y Y y Y V 
17 1 7 ^ . 
Thamnopora parallel 
* to bedding 
I I 
I I I I I I I I I I I 
4 5 6 7 8 9 1 0 11 1 2 1 3 14 
I I 
ti Si 
I I I I I I I I I I I 
4 S 6 7 8 9 1 0 11 1 2 1 3 14 
S H E L F 
M I C R O F A C I E S 
Appendix! • 409 



























I I I I I I I I I I I I I I 
3 4 S 6 7 8 9 1 0 11 12 1 3 14 
0 <^ ^ p y 
Stachyodes aligned 
parallel to bedding 
^ ^ 1 7 ^ ^ aligned 
<^  ^ y /parallel to bedding 
\L y-ii-/ 
Y i7 ^ 5/ 
^ Y 
Y w Y f ^ s , 
17 ^ 
I |—M I I I I I I I I I I 
3 4 S 6 7 8 9 1 0 11 12 1 3 14 
Y ^ ^ Y Y 
V 17 Y ^ 
T ^ Thamnopora 
i / l ^ . . . . ^ aligned 
-^" 'Hpara l le l to bedding 
Al 4 
y y V ^ Stachyodes aligned 
parallel to bedding 
13.5 
13 
= 1 Im gap in succession 




I I I I I I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 1 0 11 12 1 3 14 
Appendix! • 410 
Detailed sedimentary logs 
Heggen quarry 
57 ^ T ^ 
I I I I I I I I I I I I I I 
4 5 6 7 8 9 1 0 11 12 1 3 14 










^ ^ & 
•5/ f " J 
^ V. • ® Y / 




parallel to bedding 
I I I I I I I I i I I I 
3 4 5 6 7 8 9 1 0 11 12 1 3 14 
=8m of succession missing 
46,5 
=8m of succession missing 
37.5 
i7 © * 57 17 
^ " 57 
36.5 I l l I I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 1 0 11 12 1 3 14 
S H E L F 
MiCROFAaES 
Appendix 2 • 47 7 





























57 ^ P 17 




57 p 17 57 
17 ^ ^ 
^ 17 ^ 
Tabular stromatoporoids 
aligned 
parallel to bedding 
I I I I I I I I I I I I I I 
3 4 5 6 7 8 9 1 0 11 1 2 1 3 14 
17^ ^ 17 
57 
57 ^ 57 ^  17 
^ ^ 17 B 
17 










^ y 17 
17 
17 ^ % 57 
^ 17 ^ g 
17 17 17 
17 
57 ^ ^ 57 ^ ^ 
57 57 ^ 
57 • ^ 57 J . 
17' ^ . ^ '^ 
* 1 7 . « 17* 
^ 17 ^ 
17 
57 ^ 
I I I I 
I I I I I I I I I I I I 
3 4 5 6 7 8 9 1 0 11 1 2 1 3 14 
I I I I I I I I I I I I I I 
2 3 4 5 6 7 8 9 1 0 11 12 1 3 14 
S H E L F 
M I C R O F A O E S 
Appendix 2 • 412 
















Y Y ^ „ ^ 













I I I I I I I I I I I I I I 
1 2 3 4 S 6 7 8 9 1 0 11 12 1 3 14 
A3 13 
57 Y|p Y ^  57 
Y Y Y ^ ^ ^ 
^ ^ Y 
YY ^ Y Y Ygp>/ ^ Y Y Y Y^ 
17 
A3 12 
17^  ^ 57 j 
Amphipora & 
Stachyodes aligned 
parallel to bedding 
17 17 Y 
Y y g Y Y y 
17 ^ Yv 
17 




parallel to bedding 
^ ^ 5 7 ^ 17 
0 57 © ^ 1 7 
I I I I I I I I I I 
3 4 S 6 7 8 9 1 0 11 1 2 1 3 14 
^ • 1 7 Y ^ C Y 1 7 Y . 
Y© ^ 1 7 ^ Y ' ' ^ 
Y . . 1 7 ^ Y L ^ / 1 
5 7 ' Y " ^ 1 7 Y 
A3 I I 
57 Y 
Y ^ ^ ^ 5 7 ^ 
^ Y ^ Y 57 57 
^ g ^ 5 7 ^'^^ 
^ ^ 17 ^ 
1 7 ^ ^ ^ 17 
1 7 ^ 1 7 
57 ^ g ^ 57 
Large Halpothecia (?) 
colony >420mm diam. 




parallel to bedding 
^ 17 ^ ^ 57' 
17 
. ^ i 7 > . Y f H g ^ y J 
r ; 
1 1 1 1 1 
I I I I I I I I I I I I 
2 3 4 5 6 7 8 9 1 0 11 12 1 3 14 
S H E L F 
M I C R O F A C I E S 
Appendix 2 • 413 























0 V I I I I I I I I I I I I I I I 
1 2 — 3 — * 5 6 7 8 9 1 0 11 1 2 1 3 14 
9 
Stachyodes aligned 
®*17»^ ' L ' ^ . ' ® w # ' p a r a l l e l to bedding 
g 17 g 57> 
T Q ^,5rac/i)'0(/«i aligned 
17 P ^ parallel to bedding 
400cm gap 
in succession I I I I I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 1 0 11 1 2 13 14 
5 7 > : ; 
17 ^ 
" ^ 1 7 . ^ ^ 5 7 . ^ 
^ Y ^ ^ Y ^ Y ^ 
Y Y ^ Y Y Y Y 
Thamnopora aligned 
parallel to bedding 






* f 57 
5 7 r l 7 ^ 1 7 ^ § 17 
Y 5 7 ^ g Y 
H V 57 
17 57 Y 1 7 ^ 
^ , V . Y T 
H H 
n 11111111111111 
1 2 3 4 S 6 7 8 9 1 0 11 12 1 3 14 
S H E I J 
M I C S O F A C I E S 
Appendix 2 • 414 





























57 ^ 57 P 57 yy/']^""^'^y''^^^ aligned 
' parallel to bedding 
I I I I I I I I I I I I I I 
3 4 5 6 7 8 9 1 0 11 1 2 1 3 14 
Y*57 Y ^ w * Y 57 
Y Y ^ ^ Y . 
/y57Y ' ^ ; y Y » ^ ] ^ b i o c l a s t s aligned 
^ . 5 7 » g ' 5 7 . f f ^ i F x T parallel to bedding 
Al 17 
Y ^ ^ f 
I I I I I I I I I I I I 
3 4 5 6 7 8 9 1 0 11 1 2 1 3 14 
200cm of succession missing 
. ^ ^" ^ ^ 
57 57 ^ 57 ^ 5 7 
^ I ^ ' Y T Y ^ -
. ^ 5 7 ^ ^ ^ ^ 5 7 ^ g Y 
* ' 5 7 w ^ V ^ ^ 3 fioclasts aligned 
• ^ ^ y ^ ^ ^ ^ - ^ a r a l l e l to bedding 
A7 / 15 
, ^ Y Y Y / Y 
Y ^ Y Y Y m 
T T T J 
Y Y Y g Y T g Y 
Y ^ V Y „ Y 
g Y ^ ^ Y ^ Y g 
Y g Y J 
T Y I 
P Y 
A7 / 14 
S S S 2 S 
I ^ a = I 
I I I I I I I I I I I I I I 
3 4 5 6 7 8 9 1 0 11 1 2 1 3 14 
S H E L F 
M I C R O F A C I E S 
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V57Y Y57'Y57V'. , 
[ M 2 _ _ J L Y * J U bioclasts aligned 
parallel to bedding 
. w V V 17 ^ 57 * ^ ^
17 ^ 17 ^ 57 




/ ^ 5 7 57 ^  V 
57 Y * 57^^57 Stachyodes aligned 
parallel to bedding 
Y Y Y ^ Y Y Y 
57 ^ 
17 0 Y 1 7 * y] 
Y ^ Y ^ 
J ^ J - ^ ^ ^ p a r a l l e l to bedding 
,57 
Y ^ % Y : Y : Y ^ 
^Y M ^Y^^^ 
^ Y y ^ Y ^ g ^ y 5 7 n 
57 /y y 57^ 
57.^«g'--'»'v57«g. 
^ Y ^ ^ ^ Y ^ ^ y ' ^ ^ l j ^ bioclasts aligned 
^-gr^; 17 ^ *57'X^ P ' ^^"^ ' ' ° bedding 
P 57 g 5 7 g . 
17 1 7 ^ 17 
Y & Y ^ Y Y Y 
Y ' 1 
1 ^ n^ 
17 Y 57 
17Y 17 Y Y57 
- R — m — w w — s u r f a c e 
^ ^ vFH ^ i f i j ^ ^ Stachyodes aligned 
17 5 ^ g / Y . 1 7 f r ' 
v . l 7 g ^ ; 5 7 v v 5 7 ^ 
i parallel to bedding 
17 F ^ l 
'^'Y^^ifW^^f-.Stachyodes aligned 








I M I I I I I I I I I I I 
4 5 6 7 8 9 1 0 11 1 2 1 3 14 
I I I I I I I I I I I I 
3 4 S 6 7 8 9 1 0 11 12 1 3 14 
I I I I I I I I I I I I 
1 2 3 4 S 6 7 8 9 1 0 11 1 2 1 3 14 
S H E L F 
M I C R O F A O E S 
Appendix 2 • 416 

















I I I I I I I I I I I I I I 
I 2 3 4 5 6 7 8 9 1 0 11 1 2 1 3 14 
57 0 57.. 17- . Stachyodes aligned ' parallel to bedding 
^ ytf ^ 
Stachyodes aligned 
parallel to bedding 
Y g ^ 
57 * § 5 7 
^ . 5 7 p V / / r 
^ ^ Y 1^.17 
17 57B ^ 57 
57 17 57 g 





/y 57 57 ^ parallel to bedding 
25 
£ S £ £ £ 
1 t t 1 1 
I I I I I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 1 0 11 1 2 1 3 14 
S H E L F 
M I C R O F A C I E S 
Appendix 2 • 4 7 7 
Detailed sedimentary logs 














- Mottled texture 
^ 7 _ ^ \ ^ Anhydrite 
pseudomorphs 
Y - ^ Y 




















57(5 57 ^ 
A ^ A ^ 1 
Y ^ Y 
\ 
i j i t 
1 
B2 
B2 / 2 
B2 / 1 
I I I I I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 10 11 12 1 3 14 
I I I I I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 1 0 11 1 2 1 3 14 
I I I I I I I I I I I I I I 
1 2 3 4 S 6 7 8 9 1 0 11 1 2 1 3 14 
S H E L F 
M I C R O F A C I E S 
Appendix 2 • 418 


































^ ^ ^ ^ ^ 
^ ^ ^ ^ 
^ g ; V c ^-^^J 
1 
I 3. & = I 
in succession of approximately 10m 
I I I I I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 1 0 11 12 1 3 14 
B2 / 12 
I I I I I 
1 2 3 4 S 
B2 10 
I I I I I t I I 
7 8 9 1 0 I I 12 1 3 14 
I 1 I I I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 1 0 11 1 2 1 3 14 
S H E L F 
MICROFACIES 
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Detailed sedimentary logs 









9 V Y « Y Y ] 
< - Y Y -^ Y 

















Y Y Y Y Y > 
• ® Y 
Y Y Y Y Y Y \ Y Y YYYY YY^ 
Y^YYY Y Y Y Y Y , 
Y 'g ,^ • g Y . 
. 17 ; Y . ^ Y 57 . Y 
^.17 Y 
\ Y Y ^ 
Y ' % Y ^ Y Y 
Y Y Y Y 
YyY Y ^ Y 
4 Y V ^ Y \ , ^ 
Y ^ V Y ^ Y ^ ^ 
^^•^57 
Y ^ Y I ^ V Y J ^ 
Y 
?Y Y Y ^ Y Y ^ 
Y Y ^ Y Y P 
Y Y Y Y y g Y 
Y Y YY ^  Y YJ » Y M . Y Y ^ . Y . Amphipora aligned parallel to bedding 




I I I I I I I I I I I I I I 
1 2 3 4 5 f 7 8 9 1 0 11 1 2 1 3 14 
I I I I 
1 2 3 4 
I I I I I I I I I 
6 7 8 9 1 0 11 1 2 1 3 14 
I I I I I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 1 0 I I 1 2 1 3 14 
S H E L F 
M I C R O F A C I E S 
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Detailed sedimentary logs 


















^ 1 6 . 5 
16 
15.5 
<3 Y ^^<3Y 
Y 2 . Y Y ^ " ^ Y 
Y ^ Y Y ^ g y Y W Y ) 











' Y ' 
57 Y 
^ 1 7 o ^ 
17Y Y 
57 Y 
Y ^ Y Y 
Y 
Y Y Y Y 
Y Y 
A cS Y ^ 
Y « 
Y Y 
I I I I 
A2 / 12 
A2 11 
I I I I I I I I I I I I I I 
1 2 3 y 5 6 7 8 9 1 0 11 1 2 1 3 14 
I I I I I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 1 0 11 1 2 1 3 14 
I I I I I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 1 0 11 1 2 1 3 14 
S H E I , F 
M I C H O F A C I E S 
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Detailed sedimentary logs 
Linhay Hill quarry 




























6 Y ^ 
_22_ 
1-
^ V Y 0 
J • J 
YY Y ^ Y^YY Y ^ 
. Y • e . Y ^. Y 
Y 
Y Y Y V Y ] 
> Y Y Y Y Y 
Y Y Y Y Y " " Y ^ Y J 
CO Y Y,^ Y Y Y Y C J Y © C J Y Y Y ^  Y ^  Y , 
Y O O l 
Y Y Y Y Y Y^ l 
Y W Y Y ^ ^ 
Y Y ^ Y ^ V Y ^ 
YYY YYY Y V Y T 
^ ' C J ^ 
^ V Y Y 
Y w w '-^  
C J ' Y , 
Y ^ ^ ^ ^ 7 Y Y YYYY YYY Y Y 




I I I I I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 1 0 11 1 2 1 3 14 
I I I I I 
1 2 3 4 5 
I I I I I I I I 
7 8 9 1 0 11 1 2 1 3 14 
I I I I I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 1 0 11 12 1 3 14 
S H E L F 
M I C R O F A C I E S 
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Detailed sedimentary logs 
Linhay Hill quarry 
I I I I I I I I I I I I I I 





























Y ; Y - ] 
. Y . y J 
.''•y.v ' i 
C J ^ 
C J r 
C J 
^ Y 
^ Y J 
Y Y v ^ ] Y Y Y J 
Y Y ^ Y M Y 
• • Y e t , Y . g Y 1 
Y ^ Y ^YYY Y 'YI Y P Y 
Y Y Y 
Y Y Y 
Y , Y Y \ 
Y 4 Y Y ^ ^ % 
Y <^ ^ Y Y Y 
Y ^ Y Y Y 
^ Y Y ^ Y ^ Y Y^ Y ^ Y ^ < 3 
6 Y g Y Y 
150cm missing 
Y'^ Y Y"^ 
J < 3 C J Y 
Y ^ Y ' ^ Y ^ Y c g Y ] 
Y ^ Y ^  » ^ Y 
C J Y ^ Y ^ 
= Y 
Y ^ Y ^ Y " ^ ^ ^ 
A i 21 I I I 1 2 3 
I I I I I I I I I I 
5 6 7 8 9 1 0 11 12 1 3 14 
I I 1 1 1 
I I I I I I I I I I I I I I 
1 2 3 4 S 6 7 8 9 1 0 11 1 2 1 3 14 
S H E L F 
M I C R O F A C I E S 
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Detailed sedimentary logs 

















17 YY Amphipora nested 
50cm of succession missing 
Y _ y Y Y I 
C Y Y Y . V Y \ 
I I I I I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 1 0 11 1 2 1 3 14 
2m of succession missing 
Y O 1 7 ' " 57, 
^ Y Y ^ Y A2 
^ Y •< 
Y V 17 
I I I I I I I I I I I I I I 
1 2 3 4 S 6 7 8 9 1 0 11 12 1 3 14 
VX M 7 Y ^ 1 7 . Y Y 
» Y ^ T Y » Y Y . 5 7 
Y y Y 57 Y 
Y / ' YY 57 Yv 
Amphipora nested 
Y 
® Y ( A ) , 
Y Y g , ^ Y 
Y Y Y Y Y 
V Y ^ Y 7 Y V Y 
Y Y Y i^^q 
Y Y ^ Y Y Y 
Y J Y 
Y Y Y Y Y Y ] ^ 
Y ^ Y Y 57Y Y Y " ^ 
^ Y 17 Y Y „ * 
I I n I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 1 0 11 1 2 1 3 14 
S H E L F 
M I C R O F A C I E S 
Appendix 2 • 424 































Y Y Y Y 
Y Y Y Y 
' ^ Y Y ^ 
Y y 
^ Y . 
Y Y V ' Y YY y YYl 
Y Y Y Y Y 
Y Y Y Y 
5^ Y 5 ^ Y Y 1 7 ^ ! 7 
^Y V Y Y Y Y 
^ § Y ^ 
/ Y Y Y 
L Y ^ Y ^ 
^ Y 
Y Y 
Y Y ^ Y Y ' 
Y 
Wv* 1 
Y Y Y Y Y Y 
Y Y Y Y 
Y Y Y ^ 
57 Y ^ Y Y ^ Y 
Y i 7 Y 5 f Y ^ v ^ Y 
V Y Y Y ^ Y' ' 
Y i7 Y ^ Y J 
Y^Yg,^.\^«Y^ 
I % 1 1 
I I I I I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 
A2 / 4 
A2 3 
I I I I I I I I I I I I I 
5 6 7 8 9 10 11 12 13 14 
Al 
I I M I I I I I I I I I I 
I 2 3 4 5 6 7 8 9 10 11 12 13 14 
SHELF 
MICROFACIES 
Appendix 2 • 425 




















I I I I I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 
X 1. 
y Y ] 
Y Y 
Y Y Y Y 
Y Y Y Y 
Y Y 
Y Y Y 
Y 
Y Y 
Y Y / 
Y Y Y Y 
Y ^ Y Y 
Y 
(J) 
Y V > Y V Y ^ 
^ Y Y Y 
Y ^ 
Y Y Y 
. Y Y 
50cm of succession misssing 
1 1 I i j 
I I I I I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 10 I I 12 13 14 
SHELF 
MICROFACIES 
Appendix 2 • 426 
Detailed sedimentary logs 
Y Y Y Y l 
A2.17 Nismes quarry 
























Y t a g Y § Y ^ Y Y 
^ J / Y © Y / Y ^ Y ^ 
^ & Y V > Y ^ 
Y ^ _ W _ ^ Y ^ 
Y Y Y 
Y ' Y • Amphipora and 
^ Y ^ p . Y \ , 
@ g& Y ^ ^ parallel to bedding 
corals aligned 
Y Y Y © Y 
^ Y © Y Y © 
r 
1 
Y Y Y ^ Y V ^ Y ^ Y 
y..Y ® 
y Y ' ^ Y J 
p Y g p Y , ^ ^ Y g 
^ 17 p ^ V 
Y ffi- £ Y Y 
A-Ostracodes aligned 
// to bed - mini storm events 
S £ i 
n ji e I 
I I I I 1 
10 
1 I I I I I I I I I I I I 5 6 7 8 9 10 11 12 13 14 
I I I I I I I I I I I I 
3 4 5 6 7 8 9 10 11 12 13 14 
I I I I I I I I I I I I I I 
1 2 3 4 S 6 7 8 9 10 11 12 13 14 
SHELF 
MICROFAOES 
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Detailed sedimentary logs 
Nismes quarry 
I I I I I I I I I I I I I I 

























Y 5 7 Q 
Y Y Y Y 
Y y g Yy Y 
Y S 7 ^ Y § 
i7 Y © 
», • • • • -
y Y ' i / Y i / y i / J p a r n l l p l to bedding 
J 
57 
Y © Y ^ ® 57 
^ i7 Y ^ ^ 
!7 e. 1 
V " Y — biota aligned 
Y 57 Y 57Y 57 ' ! / ) parallel to bedding 
\ ^ I Bivalves in 
A - ^ . 5 7 . « y ^ ^ ^ 
hydrodynamically 
'stable position 
^ Y / ^ I ^ M / 
Major sufaces 
in quarry 
I I - I . 







I I I 
1 2 3 4 S 
I I I I I I I I 
7 8 9 10 11 12 13 14 
I I I I I I I 1 I I I I I I 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 
SHELF 
MlCBOFAOES 
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Detailed sedimentary logs 
A2.18 Oberriidinghausen quarry 
13 

















• 5 ^ Y ^ Y Y^Y^Y ^ 
gbY ^ Ydp V Y 
1.5 
0.5 
T 7 - Y 7 
T 
Y Y Y Y Y , 
Y Y Y Y Y Y '(j 
Stromatoporoids 
encrust Thamnopora 
Y ^ Y Y^ ^ 
Y Y ^ Y Y j 
Y ^ Y Y Y1 
I I I I I I I I I I I I I I 
1 2 3 4 S 6 7 8 9 10 11 12 13 14 
Y Y ' ^ Y 
Y ^ Y ^ 
J Y ' Y ^ Y ' Y S L © ' 
Y § Y ^ Y ~ ^ 
© y & Y 
Y y ^ 
y Y ^ Y Y ^ 
Y Y T 
Y ^ Y Y Y 
Y Y Y ^ Y Y Y 
W • • w . • w w iCi\ Amphipora occur 
X T Y y - . Y . Y as nests 
r Y ^ Y ^ w 
Y ^ Y Y Y ^ Y ^ ^ Y 
^ ^ y 
y 
Y Q Y Y T J 
\ 5 7 s 7 V ^ l ® « 5 7 j 
3 
2.5 dP w J 
5^ ^ 57 ] 
2 ^ Y ^ Y J 
Y © Y 
g Y ^ 
• | / Y : Y ^ ^ > Y . X ^ 1 
T Y Y ^ Y \ Y 
Y ^ 
I I I 
1 2 3 
I I I I I I I I I I 
5 6 7 8 9 10 11 12 13 14 
1 2 1 1 
I I M I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 
SHELF 
MlCBOFACIES 
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Detailed sedimentary logs 
Oberrodinghausen quarry 



























Y Y Y - 1 
Y Y ] 
Y 
Y Y Y ^] 
Y Y ^ ( 
J 
Y ^ Y \ 
^ Y Y 
J 
Y Y Y 
Y Y Y Y Y "1 Y Y J 
D 7 . * Y ; * C * Y : : 
• • I • • • 
Y Y Y Y ] 
Y Y ^ ^ 
Y Y 
Y I - W v ^ 
Y Y Y ^ S J 
Y*Y « Y Y Y - -
• • v Y * . * 
Y ^ ^ . - Y Y Y . 
• Y 
J2_ 
^ & Y ^ Y 
Y ^ Y ^ Y ^ 
Y ^ Y 
y , ; Y I y ; Y . ^ * . Y j 
Y * 5^  Y ^ Y - 1 
' , Y ! / . » Y « " > 





^ ^ ^ 
T ^ Y Y ) 
Y ^ Y 
i i i 
/12 
A2 10 
I I I I I I I I I I I I I I 
1 2 3 4 S 6 7 8 9 10 11 12 13 14 
I I I I I 
1 2 3 4 5 
I I I I I I I I 
7 8 9 10 11 12 13 14 
I I I I I I I I I I I I I I 
1 2 3 4 5 « 7 8 9 10 11 12 13 14 
SHELF 
MlCROFAOES 
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I I I I I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 
120cm of succession missing 
80cm of succession missing 
Y Y V Y Y Y) 
~ , — — r: \ 
Y ^ , 
Stroms increase 
in size f r o m 




I I I I I I I I I I I I 
3 4 5 6 7 8 9 10 11 12 13 14 
v : Y 
57 . 57 © "".57 
f*^ 57 
^ Y ^ . , Y , 3 
37cm of succession 
missing 
5 7 g ^ 
Y ^ g > Y ^ ^ ^ Y ^ ] 
Y ^ g & ^ Y ^ " i Y l 
Y T 0 
Y Y Y Y Y y Y 
Y y Y Y ) 
12 
I I I 
I I I I I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 
MICROFACIES 
Appendix 2 • 431 





























56cm of succession 
missing 
A / , V ^ Y 
A3 18 
• ^ . • Y * V ^ ? 7 . ^ , 
<k . „ I W Large Strom 
y ^ * ^ . ? / ' ^ F ^ Y J 310mm long 
& 17 ^ V W ¥ ) 





surface due to 




\ * V 
Y Y y 
m u 4> ^ ^ 
y 
%) 
Y Y Y y ^ 
Y 




I I I I 
I 1. t = 
I I I I I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 
I I I I I I I I I I I I 
3 4 5 6 7 8 9 10 11 12 13 14 
I I I I I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 
SHELF 
MICROFACIES 
Appendix 2 • 432 





























• 25m of succession missing - tree covered 
J 57 
57 57 
V A ' 1 
57 ^ J ^ 57 
. • ^ 57 ^ 
^ ^ J 57 ^ 
^ ff Q ^•^ Q A syntaxial cements 
<^ p y ^ ^ on crinoids 
r / s p y 57 
Y* W Y * Y 
y ^ 5 7 Y / I < j 
y 8^ 5 7 ^ 57 J 
Y ^ N / j ^ 
Y Y ^Y Y Y 
„ ^ ^ 57 * 
57 
17 




250cm of succession missing 
I I I I I I I I I I 1 I I I 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 
I I I I I I I I I I I I 
4 5 6 7 8 9 10 11 12 13 14 
A3 19 
I I I I I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 10 I I 12 13 14 
SHELF 
MICROFACIES 
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4 y , 
y 
— I 
% > 5 ^ ^ y y 
m y • * ©5 • 
y A . 
^ y ^ ^ 
* y ^ y ' ' 
y 
J7 ^ 
17 ^ y ' 
y ^ / 
I I I I I I I I I I I I 11 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 
I I I I I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 10 I I 12 13 14 
SHELF 
MICHOFAOES 
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Detailed sedimentary logs 
























Y Y Q 
Y Y -^ ^^  Y 
1^' 
r ^ Y ^ ^ ^ ^ Y ^ ! 
Y Y 
p Y ^ 
J ^ Y ^ ^ Y ^ ^ 
V Y 
Y ^ Y Y 
1?-^  Y Y g ' 
• y . . ^ Y 
. Y ^ <3J^^ Y 
^ Y / y ® - ' -
I I I I 
1 2 3 4 
I I I I I I I I I I I I I I 




era •='a(5' /y 
A * A 
,y Vv A /y H 
I I I I 
1 2 3 4 
I I I I I I I I I I I 
3 4 S 6 7 8 9 10 11 12 13 14 
I I I I I I I I I I I I I I I I I 
1 2 3 4 1 2 3 4 5 6 7 8 9 10 11 12 13 14 
RAMP SHELF 
MiCROFAaES MiCaOFACIES 
Appendix 2 • 435 






























< ^ •57(Lj • • 
\ 
« ^ ^ Y 5 7 ^ 
I V V Y ^ Y 
Y Y ^ ^ ^ ^ ^ Y 
^ Y w Y Y R 
Y ^ ^ / ^ Y ^ 
• \ Y . ^ ^ ^ Y 
Y Y ^ Y Y * Y ^ 
• Y ^ ^ V Y ^ ' Y 
^ Y Y V ^ Y 
Y^e,-, Y Y p Y 
\ p S / ^ , _ - Y 
Y &^ Y ^ Y ^ 
Y 
Y ©Y Y 57 
, ^ Y ^ • 




Y Y Y W Y^ 
^ Y V ^ • y 5^ 
I I 
1 
I I I I I I I I I I I I I I 
1 2 3 4 S 6 7 8 9 10 11 12 13 14 
B2 / 5 
I I I I I I I 
1 2 3 4 5 6 7 
Undifferentiated unit -
poorly exposed 
I I I I I I 
9 10 I I 12 13 14 
I I I I I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 10 I I 12 13 14 
SHELF 
MICROFACIES 
Appendix 2 • 436 
















27.5 <§) © © J 
Y^ 
26.5 Y ^ . \ ^ . Y . . V« ^ 
^ Y .^ <a« Y - f 
I I I I I I I I I I I I I I 
1 2 3 4 5 « 7 8 9 10 I I 12 13 14 
1 
1 | _ l 
1 
I I I I I 
1 2 3 4 5 
I I I I I I I I 
7 8 9 10 I I 12 13 14 
Bl 
I I I I I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 
SHELF 
MICROFACIES 
Appendix 2 •437 
Detailed sedimentary logs 
Olloy-sur-Viroin quarry 
I I I I I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 
1 
12 
I I I I I I I I I I I I I I 
1 2 3 4 S 6 7 8 9 10 11 12 13 14 
SHELF 
MICROFACIES 
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Detailed sedimentary logs 





























I I I I I I I I I I 
1 2 3 4 5 1 2 3 4 5 
:2_ 
I I I I I I I I 
7 8 9 10 I t 12 13 14 
\ \ 




CP" „ ffil * 
9 Ply 
«0 e ^ V 
^ ^ V ^ Y 
^ ^ y ^ 
1 
Bioclasts are parallel 
to bedding. 
Microstalactitic cements 
I I I I I I I I I I 
1 2 3 4 5 1 2 3 4 5 
I I I I I I I I 




I I I I 
1 2 3 4 5 
RA.MP 
MICROFACIES 
I I I I I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 10 I I 12 13 14 
Appendix 2 • 439 


































2m of stratigraphy 
missing 
1 i 
M i l 
A2 
I I I I I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 10 I I 12 13 14 
I I I I I 
1 2 3 4 5 
I I I I I I I I 
7 8 9 10 11 12 13 14 
I I I I 1 1 1 1 1 1 1 1 
1 2 3 4 5 6 7 8 9 10 I I 12 13 14 
SHELF 
MICROFACIES 
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-, • • 1, • • 






I I I I I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 10 I I 12 13 14 
I I I I I I 
1 2 3 4 S « 
I I I I I I I 
8 9 10 I I 12 13 14 
I I I I I I I I I I I I I I 
I 2 3 4 5 6 7 8 9 10 I I 12 13 14 
SHELF 
MlCROFACIES 
Appendix 2 •441 






























B'^ / 16 
B3 15 
A ; / 13 
B4 / 12 
I I I I I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 
I I I I I I I I I I I I I 
4 5 « 7 8 9 10 11 12 13 14 
I I I I I I I I I I I I I I 
1 2 3 4 S 6 7 8 9 10 11 12 13 14 
SHELF 
MlCROFACIES 
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I I I I I I I I I I I I I I 
I 2 3 4 5 « 7 8 9 10 I I 12 13 14 
I I I I I 
1 2 3 4 5 
I I I I I I I I 
7 8 9 10 I I 12 13 14 
I I I I I I 
I I I I I f I I I I I I I I 
1 2 3 4 S 6 7 8 9 10 11 12 13 14 
SHELF 
MlCROFAOES 
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^ ^ A 
A ^ 
^ J 





75 ^ A ] 

























c ; / 24 
C; 23 
B4 / 22 
B4 21 
I I I I I I I I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 
I I I 
1 2 3 
I I I I I I I I I I I I I I 
1 2 3 4 5 6 7 4 9 10 11 12 13 14 
I I I 
R A M ? 
MlCROFACIES 
1 I I I I I I I I I I I I I 
I 2 3 4 5 6 7 8 9 10 I I 12 13 14 
SKELF 
MlCHOFACIES 
Appendix 2 • 444 
Detailed sedimentary logs 
Resteigne quarry 
I I I 
I 2 3 
CI / 26 
I I 
1 2 3 
RA.MP 
MiCROFAaES 
Appendix 2 • 445 
Detailed sedimentary logs 


























398cm of succession 
vegetation covered 
Y y v ^ y ^ T 3 
-4^ 5 
A ; / 3 
B i 2 
I I I I I I I I I I I I I I 
I 2 3 4 S 6 7 8 9 10 I I 12 13 14 
I I I I I I I I I I I I 
3 4 5 6 7 8 9 10 I I 12 13 14 
I I I 1 I 
I I I I I I I I I I I I I I 
1 2 3 4 S 6 7 8 9 10 I I 12 13 14 
SHELF 
MICROFACIES 
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. ' • • • • 
• Y 
• Y • ' ^. • 
V w . Y e Y 
» - • i - • Y $ 
Y ^ ^ Y ^ % 
I 1 1 I I I I I I 1 1 I 11 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 
Al 6 
I I I I I I I I I I I I I I 
1 2 3 4 S (> 7 8 9 10 11 12 13 14 
SHELF 
MiCROFAaES 
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Detailed sedimentary logs 

























^ © Y ^ v ^ Y ^ ^ 
Erosional base 
amplitude 50mra 
Y Y Y Y Y Y « ^ Y 
W Y Y Y Y Y y ; 
Y Y V 1 
Y Y Y Y Y Y 
© Y 
Y ^ Y Y g Y J 
CSS ^ 
180cm gap in 
succession 
1 
Y 0 Y ^ Q Y 
W Y Y Y ^ Y ^ 
Y Y Y V Y W ) 
Y w Y < 2 _ J ^ 
^ Y Y ^ Y 
Y V ^ Y ^ Y Y Y ^ Y 
I I I I I I I I I I I I I I 
I 2 3 4 5 6 7 8 9 10 I I 12 13 14 
A ; / 4 
I I I I I I I I I I I I 
3 4 5 6 7 8 9 10 I I 12 13 14 
Al / 3 
B4 1 
I I I I I I I I I I M I I 
1 2 3 4 5 6 7 8 9 10 I I 12 13 14 
SHELF 
MICROFACIES 
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I I I I I I I I I I I I I I 
1 2 3 4 S 6 7 8 9 10 11 12 13 14 
© © © 
-VA-* 
<^ ^ <s> ^ 
SPY Y Y Y Y 
Y Y Y \ 
Y Y Y Y 




Y Y TT) 
Y Y W B 
Y ^ Y 
I I 
I I I i I I I I I I I I I i 
] 3 3 4 S 6 7 8 9 1 0 11 12 1 3 14 
SHELF 
MlCROFACIES 
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Detailed sedimentary logs 
A2.23 Sourd d'Ave 



























* A t Q 
Corals encrusted 
N 
, \g) by Girvanella 
^0 C2) 
Undulating surface 
S o o e o 
I I I I I 
I I I I I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 
/ 5 
B2 
I I I I I 
1 2 3 4 5 
I I I I I I I I 
7 8 9 10 11 12 13 14 
Al 2 
I I I I I I i I I I I t I I 
1 2 3 4 S 6 7 8 9 10 n 12 13 14 SHELF 
MlCROFACIES 
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I I I I I 
I I I I I 
I 11 I I I I I I 11 I 11 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 
I I I I I I I I I I I I I I 
I 2 3 4 5 « 7 8 9 10 11 12 13 14 
I I I I I I I I I I I I I I 
I 2 3 4 5 6 7 8 9 10 I I 12 13 14 
SHELF 
MICROFACIES 
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R ^ Y ^ ^ r ^ W 
. 1 — 1 
C 
I I I I I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 
L _ _ | 
I I I I I M I I I I I I I 
1 2 3 4 5 6 7 S 9 10 I I 12 13 14 
SHELF 
MICROFACIES 
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Detailed sedimentary logs 








































H H A 
* A 




•' A ^ 





I I I I 
2 3 4 
I I 
3 4 
M i l 
1 2 3 4 
RA.MP 
MICROFACIES 
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I t t I I 
Dolomitised 
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v^  57 y ^ 5f y 
y If y y 
17 y y 
Dolomitised 
c o v y 
V y y y . 
" T ~ y y y . y 171 
large spar-filled 
cavities 
o <:> r 
^ i ^ 
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- ^ - F T 





y ^ y 
^ y J % 
\ f y ' 
y ^ y 






g s I 
I I I I I I I I I I I I I I 
I 2 3 4 S 4 7 8 9 10 I I 12 13 14 
I I I 1 1 1 4 7 
I I I I I I 
9 10 11 12 13 14 
I I I I I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 
SHELF 
MICROFACIES 
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y y y y p g v y> 
^ y ^ y 
^ y ^ 
» m m ^ • • r~' 
57 ^ 57 
1 
B2 7 
I I I I I I I I I I I I I I 
1 2 3 4 5 (S—!—i 9 10 11 IJ 13 14 
I I I I I I I 
1 2 3 4 5 6 7 
I I I I I I 
9 10 11 12 13 14 





<s y y ] 
>0' 
s s s 
A2 
I I I I I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 
SHELF 
MICROFACIES 
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I I I I I I M I I I I I I 
1 2 3 4 5 6 7 8 9 10 It 12 13 14 
0 o e o 
1 i i I 
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Detailed sedimentary logs 
















40cm of succession missing 
Y » Y 
Y Y ^  YJ 
B3 
M L I I I I I I I I I I I 4 S 6 7 8 9 10 11 12 13 14 
I I I I I 
1 2 3 4 5 
I I I I I I I I 
7 8 9 10 II 12 13 14 
I I I I I I I I I I I I I I 
I 2 3 4 5 6 7 8 9 10 I I 12 13 14 
SHELF 
MICROFACIES 
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^ ^ ^ ^ ^ 
I I I I I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 
A7 / 10 
Sketch 





> 7 l 
I t t I 
M i l l 
1 2 3 4 5 6 7 8 ! 
SHELF 
MICROFACIES 
I I I I I I I I 
 8 9 10 11 12 13 14 
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Detailed sedimentary logs 























I I I I I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 
Y Y V Y ) 
^ ^ ^ ' 
WV^  
Y ^ Y y Y Y 
, Y V , Y 
I I I I I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 10 I I 12 13 14 
I i I I I I 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 
SHELF 
MICROFACIES 
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Detailed sedimentary logs 





Y Y Y Y Y 
10 Y Y Y 
Y Y 1 
9.5 Y H 
Y H Y J 



















Tunnel - 2.5m inaccessable 
Major surface in tunnel 
Y Y Y ^ Y Y 
Y ^ Y Y Y Y Y 
Y*Y Y Y . ^ . Y ^ ' ' . 
. Y o Y * ^ ^ . » Y 
Y Y Y 
Y , 5^  Y 
Y 5^  Y Y 
Y Y V - . l > e 
I I I I I I I I I I I I I I 
I 2 3 4 5 6 7 8 9 10 I I 12 13 14 
I I I I I 
1 2 3 4 5 
A2 
H . * Y 
Amphipora branches 
encrusted by cyanobacteria 
I I I I I I I I 
7 8 9 10 It 12 13 14 
s s s s s I B B £ S s li S I .a 
I I I I I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 to II 12 13 14 
SHELF 
MICROFACIES 
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Y Y ^ Y VYV] 
V V ^ y Y Y Yj 
Y % Y 
Y Y©> (S> 
im ^ 
Y ^ Y @ 
Y Y ® Y Y 
Y Y ^ Y t Y 
<5> Y © ^ Y 
Y^Y Y^Y YTI 
, ® iCi «k_ 
Y Y ^ Y ^ 
Y Y I Y Y V. 
Y Y 
. Y . - Y % ' Y . Y 
Y • ' - ^ ^ Y 
. Y Y . ^ ^ Y . Y ^ 
v Y \ V Y / 
Y(^y* Y Y YYv^YYY' 
VY V Y g ' Y Y Y Y Y Y 
YQY^^Ny^^p'^ ^Y^ 
I I I 
1 2 3 
I I I I I I I I I I 
5 6 7 8 9 10 11 12 13 14 
a ; 
I I I I I I I I I I I I 
3 4 5 6 7 8 9 10 11 12 13 14 
Bl 
Y^^yY ^Y^YY 




I I I I I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 
SHELF 
MICROFACIES 
Appendix 2 • 463 





























Y Y <®Y 
Y <^  Y 
Y T Y ; . ^ ? 
YWS^ 
^@Y - Y Y Y . Y . Q Y Q Y Y Y Y . 
Y M Y ' Y ' Y 
® Y Y © Y M 
2m inaccessable 
Q Y Y Y 
Y _ Y ® _ Y @ 
j 1 1 ! I 
2: 
I I I I I I I I I I I I I I 
I 2 3 j 5 « 7 8 9 to I I 12 13 14 
I I I I I I I I I I 
I 2 3 4 5 6 7 8 9 to 11 12 13 14 
I I I I I I I I I I I I I I 
I 2 3 4 5 6 7 8 9 to I I 12 13 14 
SHELF 
MICROFACIES 
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Y Y Y Y Y Y v 
Y Y Y YY V 
Y T ^ 
Y . Y » ^ . Y 
. Y < * ' i Y « 




® Y ^ 
^ 1 < Y J 
4m inaccessable 
Y ^ Y 
^ Y Y Y 
Y Y 
Y Y Y 
Y Y, 
Y 
Y Y Y Y 
Y Y Y Y Y 
Y Y Y Y 
Y Y Y Y Y 
Y Y Y ^ -wly 
I I I I I 
J =. E = I 
I I I I I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 
I I I I I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 
I I I I I I I I I I I I I I 
3 4 5 6 7 8 9 10 11 12 13 14 
SHELF 
MICROFACIES 
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Detailed sedimentary logs 





























Y Yy Y Y Y Y 
y Y ; Y Y Y Y Y 
Erosional base 
with 70mm amplitude 
^ Y^ ^Z-si^ 
- V Y ^ % ; . Y 
^Y ^  Y ^ Y ^  
^ ^ ^ ^ 
§ ^Y 
Y ® Y ^ 
Erosional base 
^ with 55mm amplitude 
I I I I I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 
I I I 
1 2 3 
I I I I I I I I I I 
5 6 7 8 9 10 11 12 13 14 
I I I I I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 
SHELF 
MICROFAOES 
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Detailed sedimentary logs 






% > Y 
9 § 
I I I I I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 10 II 12 13 14 
I I I I I I I I I I I I 1 1 
1 2 3 4 5 6 7 8 9 to 11 12 13 14 
SHELF 
MICROFACIES 
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Detailed sedimentary logs 





































i I i ' € I i. 1 ^ I 
S3 2 
I I I I I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 
I I I I I I I I I I I I 
3 4 5 6 7 8 9 to 11 12 13 14 
I I I I I I 
I 2 3 4 5 6 7 8 9 10 11 12 13 14 
SHELF 
MICROFACIES 
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Detailed sedimentary logs 






























V A » 1 
(IP ^ 
151 
Y ^ c 
« V 
I t t I ] 
B3 6 
B2 / 4 
I I I I I I I I I I I I I I 
1 2 3 4 5 ( 7 8 9 10 11 12 13 14 
I I I I I I I I I I I I 
1 2 3 4 5 
I I I I I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 
SHELF 
MICROFACIES 
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Detailed sedimentary logs 





























V V.Y Y Y 
"Y Y Y 
^ Y Y ^ Y 
I I 1 1 i 
A] 13 
Bl 11 
I I I I I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 
I I I I I 
1 2 3 4 5 
I I I I I I I I 
7 8 9 10 11 12 13 14 
I I I I I I I I I I I I I I 
1 2 3 4 S 6 7 8 9 to 11 12 13 14 
SHELF 
MiCBOFACreS 
Appendix 2 • 470 
Detailed sedimentary logs 
Walheim Section 2 
40 
39.5 
39 I I I I I I I I I I I I 3 4 5 6 7 8 9 10 11 12 13 14 
SHELF 
MICROFACIES 
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Detailed sedimentary logs 
































Y Y © 
©Y'S ^ Y "9 
1 ^ 
Large dolomite vugs 
'chalky' nature 
Major surface 
Small dolomite vugs 
Small dolomite vugs 
Major surface 
^ I nrap Large dolomite vugs 
" ' " ^ ^ ^ ^ Major surface 
Im inaccessable 
Major surface 
I I I I I I 
1 I I I I I 
E S 3. Si = I 
I I I I I I I I I I I I I I 
3 4 5 6 7 8 9 10 I I 12 13 14 
I I I I I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 
I I I I I I I I I I I 1 I I 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 
SHELF 
MICROFACIES 
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Detailed sedimentary logs 
Walheim Southern Limb 
34 
33.5 
Y ^ y Y y Y J 
3 •4 ^ 1 2 
B2 10 
I I I I I I I I I I I I I I 
3 4 5 « 7 8 9 10 II 12 13 14 

























parallel to bedding 
50cm inaccessable 
^ ^ ^ > ^ ^ 30cm not exposed 
Green/grey colour 
Y K ^ S " ^ ^ J 




I I I I I I I I I I I I I I 
t 2 3 4 S 6 7 8 9 10 II 12 13 14 
I I I I I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 10 I I 12 13 14 
SHELF 
MECROFAOES 
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Detailed sedimentary logs 
Walheim Southern Limb 
I I I I I I I I I I I I I I I I I I I 
1 2 3 4 S 1 2 3 4 5 6 7 8 9 10 11 12 13 14 












A A g J 
Grenzschiefer 
Ai \a& <=; A f • > 
Green/grey colour 
Brachs aligned parallel 
to bedding <^'\ m 0' ^ 
. A / A A • A O A \ 
17 
Y Y V Y ^ ^ 
I I I i I j 
15 
I I I I I I I I I I I I I I I I I I I 
1 2 3 4 5 1 2 3 4 5 6 7 8 9 10 11 12 13 14 
RAMP SHELF 
MICROFAOES MICROFACIES 
Appendix 2 • 474 
APPENDIX THREE 
A3. C Y C L E T f f l C K N E S S DATA • '^ '^ ^ 
Cycle thickness data 
A3. Cycle thickness data 
The following tables provide all measured cycle thickness data which has been studied for 
this thesis. Tables are organised in alphabetical order. 
C\'cle Cycle Cycle thickness Cumulative Semi-restricted Restricted facies Inteitidal Supratida] 
number type (cm) thickness (cm) facies (cm) (cm) facies (cm) facies (cm) 
1 B3 134cm 134cm 33cm 24cm 0cm 77cm 
2 B3 136 270 32 96 0 8 
3 B4 142 412 0 103 0 39 
4 B4 63 475 0 40 0 23 
5 A l 642 1117 108 534 0 0 
6 B3 149 (Gap 
1883cm) 
3149 
88 0 0 61 
7 B3 268 3417 234 0 0 34 
Beauraii eauarrv 
Cycle thickness Cumulative Semi-restricted Restricted facies Intettidal Supratidal 
facies (cm) .,i.3 (cm) thickness (cm) facies (cm) (cm) faci»(cm) 
1 140cm 140cm 72cm 68cm 0cm 0cm 
2 A l 127 267 22 105 0 0 
3 B4 80 347 0 75 0 5 
4 A l 264 611 68 202 0 0 
5 A l 133 744 29 104 0 0 
6 B2 97 841 0 63 34 0 
7 A2 95 936 0 95 0 0 
g B3 220 1156 76 129 0 15 
9 A2 410 1566 0 410 0 0 
10 A l 215 1781 91 124 0 0 
11 A2 26 1807 0 26 0 0 
12 A2 151 1958 0 151 0 0 
13 A l 280 2238 156 124 0 0 
14 A2 230 2468 0 230 0 0 
15 A2 149 2617 0 149 0 0 
16 A l 230 2847 61 169 0 0 
17 A2 61 2908 0 61 0 0 
18 B4 75 2983 0 38 0 37 
19 A l 255 3238 49 206 0 0 
20 A2 655 3893 0 655 0 0 
21 A2 22 3915 0 22 0 0 



















142cm 142cm 128cm 14cm 0cm 0cm 
2 Cl 48 190 29 19 0 0 
3 Cl 198 388 145 53 0 0 
4 C2 88 476 15 0 73 0 
5 C2 171 647 121 0 50 0 
6 Cl 715 1362 496 219 0 0 
7 C3 677 2039 342 70 0 265 
g C3 245 2284 0 52 0 193 
9 C3 92 2376 0 0 0 92 
10 C3 18 2394 0 0 0 18 
11 C3 111 2505 0 0 0 111 
12 C2 250 2755 35 0 110 105 
13 C3 166 2921 111 8 22 25 
14 Cl 199 3120 29 170 0 0 
15 C3 743 3863 301 0 79 222 
16 C3 389 4252 137 0 36 216 
17 C3 163 4415 0 0 31 132 
18 C3 288 4703 0 51 0 237 
19 C3 114 4817 0 0 0 114 
Appendix 3 • 475 
Cycle thickness data 
20 C3 104 4921 0 0 0 104 
21 C3 153 5074 0 0 0 153 
22 CI 174 5248 27 147 0 0 
23 CI 220 5468 184 36 0 0 
24 CI 242 5710 201 41 0 0 
25 C3 353 6063 225 0 0 128 
26 CI 240 6309 167 79 0 0 

















1 B2 116cm 116cm 0cm 77cm 39cin 0cm 
2 A3 264 380 264 0 0 0 
3 B l 146 526 94 10 42 0 
4 Bl 408 934 43 10 355 0 
5 A l 286 1220 267 19 0 0 
6 A l 132 1352 45 87 0 0 
7 B2 123 1475 0 65 58 0 
8 B2 167 1642 0 3 164 0 
9 B2 42 1684 0 33 9 0 
10 B2 129 1813 0 57 72 0 
11 A l 319 2132 101 218 0 0 
12 A l 150 2282 123 27 0 0 
13 B3 51 2333 20 0 31 0 
14 A l 109 2442 84 25 0 0 
15 B4 94 2536 0 15 8 71 
16 B4 25 2561 0 21 0 4 
17 B l 76 2637 50 0 26 0 
18 A l 244 2881 30 214 0 0 
19 A l 173 3054 20 95 58 0 
20 B l 169 3223 40 35 94 0 
21 A2 191 3414 0 191 0 0 
22 A2 272 3686 0 272 0 0 
23 Bl 268 3954 114 87 67 0 
24 A l 229 4183 52 177 0 0 
25 B3 179 4362 83 85 0 11 








Restricted facies Intenidal 




J r ^ 
A2 348cm 348cm 0cm 
348cm 0cm 0cm 
2 A2 140 498 0 150 0 0 
3 A2 445 943 0 445 0 0 

















1 B4 90cm 90cm 0cm 33cm 0cm 57cm 
2 A l 183 273 111 72 0 0 
3 Bl 513 786 104 327 82 0 
4 B2 524 1310 0 497 27 0 
5 A l 180 1490 69 111 0 0 
6 A2 258 1748 0 258 0 0 
7 A2 133 1881 0 133 0 0 
8 B2 180 2061 0 131 49 0 
9 Bl 152 (gap 367cm) 
2580 
71 0 81 0 
10 B2 202 2782 0 156 46 0 
11 B2 209 2991 116 0 93 0 



















A l 263cm 263cm 174cm 
89cm 0cm 0cm 
2 B4 22 285 0 13 0 9 
3 Bl 188 473 104 33 51 0 
4 A l 105 578 67 38 0 0 
5 B3 96 674 88 0 0 8 
Appendix 3 • 476 
Cycle thickness data 
6 B4 17 691 0 7 0 10 
7 A l 105 796 95 10 0 0 
8 A l 72 868 52 20 0 0 
9 A l 118 986 88 30 0 0 
10 A l 75 1061 29 46 0 0 
11 A l 42 1103 0 42 0 0 
12 B3 206 1309 71 70 0 65 
13 A l 386 1695 28 358 0 0 
14 B3 206 1901 37 92 0 77 
15 A l 120 2021 78 42 0 0 
16 A l 253 2274 207 46 0 0 
17 B4 415 2689 0 407 0 8 
18 B4 50 2739 0 44 0 6 
19 A2 311 3050 0 311 0 0 
20 A2 260 3310 0 260 0 0 
21 B4 159 3469 0 122 0 37 
22 B4 21 3490 0 12 0 9 
23 B2 80 3570 0 32 48 0 
24 B4 173 3743 0 167 0 6 
25 B2 51 3794 0 13 38 0 
26 B4 26 3820 0 20 0 6 
27 B4 194 4014 0 154 0 40 
28 A2 275 4289 0 275 0 0 
29 A l 143 4432 118 25 0 0 
30 A2 67 4499 0 67 0 0 
31 B3 72 4571 42 0 0 30 
32 B4 86 4657 0 58 0 28 
33 A l 332 4989 63 263 0 0 
34 A l 150 5139 140 10 0 0 
35 A l 176 5315 49 127 0 0 
36 B3 199 5514 
(Gap 134cm) 
125 58 0 16 
37 A l 126 5774 56 70 0 0 
38 B4 62 5836 0 48 0 14 
39 A l 214 6050 40 274 0 0 









13cin 0cm 0cm 
2 B3 101 214 95 0 0 6 
3 A l 205 419 165 40 0 0 
4 A l 186 605 82 104 0 0 
5 A l 57 662 46 11 0 0 
6 B3 91 753 60 17 0 14 
7 B3 91 844 68 20 0 3 
8 A l 363 1207 188 175 0 0 
9 A2 137 1344 88 49 0 0 
10 A2 86 1430 0 86 0 0 
11 A2 293 1723 0 293 0 0 
12 B3 22 1745 10 0 0 12 
13 A2 209 1954 0 209 0 0 
14 A2 70 2024 0 70 0 0 
15 A2 90 
(Gap 686cm) 
2114 0 90 0 0 
16 A2 121 2921 0 121 0 0 
17 B4 75 2996 0 49 0 26 
18 A l 7g 3074 0 78 0 0 
19 A l 62 3136 40 22 0 0 
20 A2 208 3344 0 208 0 0 
21 B3 101 3445 75 0 0 26 
22 B3 267 3712 15 234 0 18 
23 A l 131 3843 76 55 0 0 
24 A l 249 4092 40 209 0 0 
25 A l 83 4175 44 39 0 0 
Appendix 3 • 477 
Cycle thickness data 
Cycle thickness Cumulative Ramp facies Semi-restricted Restricted Inteitida] 
number type (cm) diickness (cm) (cm) facies (cm) fades (cm) facies (cm)ii 
1 C3 149cm 149cm 72cm 0cm 77cm 0cm 
2 A2 80 229 0 0 80 0 
3 A l 59 
(Gap 488cm) 
288 0 42 17 0 
4 B2 400 1176 0 0 364 36 
5 B2 271 1447 0 0 241 30 
6 A2 62 1509 0 0 62 0 
7 B2 622 2131 0 0 577 45 
8 B2 386 2517 0 0 274 112 
9 B2 179 2696 0 0 155 24 
Glageon quarry 
H^vcle Cycle thickness 
(cm) 
Cumulative Outer ramp Midiwip Inner ramp Restricted 
number type thickness facies (cm) facies (cm) fecira(cm) tacies 
(cm) (cm) 
1 CI 377cm 377cm 302cm 55cm 0cm 0cm 
2 CI 117 494 33 84 0 0 
3 CI 499 993 467 32 0 0 
4 CI 69 1062 54 15 0 0 
5 CI 421 1483 317 104 0 0 
6 C2 93 1576 71 0 22 0 
7 CI 317 1893 198 15 104 0 
8 C2 302 2195 212 0 90 0 
9 CI 373 2568 33 340 0 0 
10 CI 360 2928 213 147 0 0 
11 CI 221 3149 211 10 0 0 
12 C2 539 3688 182 0 357 0 
13 CI 839 4527 758 81 0 0 
14 CI 94 4621 63 31 0 0 
15 CI 148 4769 128 20 0 0 
16 CI 276 5045 261 15 0 0 
17 CI 1042 6087 968 74 0 0 
18 CI 277 6364 209 68 0 0 
19 CI 134 6498 124 10 0 0 
20 CI 505 7003 453 52 0 0 
21 CI 703 7706 153 550 0 0 
22 CI 155 
(244cm 
dolomitised) 
7861 43 112 0 0 
23 CI 104 
(288cm 
dolomitised) 
8209 78 26 0 0 
24 CI 304 8801 128 176 0 0 
25 C2 497 9298 407 0 90 0 
26 CI 276 9574 83 193 0 0 
27 CI 303 9877 253 50 0 0 
28 CI 308 10185 213 95 0 0 
29 C2 40 10225 32 0 8 0 
30 C3 106 10331 56 0 0 52 
31 CI 172 10503 89 83 0 0 
32 CI 472 10975 179 293 0 0 
33 CI 167 11142 105 62 0 0 
34 CI 205 11347 147 58 0 0 
35 CI 210 11557 173 37 0 0 
36 CI 145 11702 56 89 0 0 
37 CI 391 12093 305 86 0 0 






Outer ramp tiacies (cm) 
.^.jlll|g]giimfii§f 
Mid ramp facies (cm) 
1 
C2 
78cm 78cm 33cm 45cm 
2 67 145 35 32 
3 C2 153 298 29 124 
4 C2 244 542 25 219 
5 C2 233 775 23 210 
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Cycle thickness data 


















1 A l 839cm 839cm 811cm 28cm 0cm 0cm 
2 A l 231 1070 183 48 0 0 
3 A3 259 
(Gap 1171cm) 
1329 259 0 0 0 
4 A l 471 2971 417 54 0 0 
5 A l 233 3204 158 75 0 0 
6 A3 553 3757 553 0 0 0 
7 A3 (Gap 3060cm) 
204 
7021 204 0 0 0 
8 A3 299 7320 299 0 0 0 
9 A3 577 7897 577 0 0 0 
10 A3 365 8262 365 0 0 0 
11 A3 147 8409 147 0 0 0 
12 A l 501 g910 501 0 0 0 
13 A3 295 9205 66 229 0 0 
14 A l 310 
(Gap 3378cm) 
9515 310 0 0 0 
15 A l 510 
(Gap 170cm) 
13403 298 212 0 0 
16 A3 170 
(Gap 200cm) 
13743 170 0 0 
17 A l 450 14393 407 43 0 0 
18 A3 155 14548 155 0 0 0 
19 A3 117 14665 117 0 0 
20 A l 305 14970 178 117 0 
21 A3 229 15199 229 0 0 
22 A l 143 15342 123 20 0 
23 A3 342 15684 342 0 0 
24 A l 77 15761 51 26 0 
25 A3 300 16061 300 0 0 
26 A3 172 16233 172 0 0 
27 A l 123 16356 66 57 0 
28 A l 66 16422 53 13 0 
C y c f ^ r Cycle Cycle thickness Cumulative Semi-restricted Restricted facies Intettidal Supratida] 
number type (cm) thickness (cm) facies (cm) (cm) facies (cm) facies (cm) 
1 B2 84cm 84cm 0cm 30cm 54cm 0cm 
2 B2 144 228 0 37 107 0 
3 B2 371 599 0 275 96 0 
4 A2 43 642 0 43 0 0 
5 B4 213 (Gap 458cm) 
1313 
0 108 66 39 
6 A2 64 1377 0 64 0 0 
7 B4 79 1456 0 54 0 25 
8 B2 121 (Gap 
1144cm) 
2721 
0 101 20 0 
9 A2 180 2901 0 180 0 0 
10 B2 551 3452 0 508 43 0 
11 A2 103 3555 0 103 0 0 
12 B2 201 3756 0 123 78 0 
13 A2 91 3847 0 91 0 0 
Cycle Cycle Cycle thickness Cumulative Semi-restricted Restricted facies Intertidal Snpratidal 
number type (cm) thickness (cm) facies (cm) (cm) facies (cm) facies (cm) 
1 ^ 
A2 
141cm 141cm 0cm 141cm 0cm 0cm 
2 74 215 0 74 0 0 
3 A l 138 353 0 138 0 0 
4 A l 63 416 40 23 0 0 
5 A l 262 678 145 117 0 0 
6 A l 161 839 78 83 0 0 
7 A2 175 1014 0 175 0 0 
8 A2 213 1227 0 213 0 0 
Appendix 3 • 479 
Cycle thickness data 
9 A2 120 1347 0 120 0 0 
10 A2 98 1445 0 98 0 0 
11 A2 445 1890 0 445 0 0 
12 A2 172 2062 0 172 0 0 
13 A2 167 (Gap 323cm) 
2552 
0 167 0 0 
14 A2 134 2686 0 134 0 0 
15 A l 118 2804 50 68 0 0 
16 A l 327 3131 128 199 0 0 
17 A2 288 3419 0 288 0 0 
18 A2 123 3542 0 123 0 0 
19 A2 191 3733 0 191 0 0 
20 A2 354 4087 0 354 0 0 
21 A l 588 (Gap 299cm) 
4974 
83 505 0 0 
22 A l 138 5112 0 138 0 0 
Medenbj ich quarrv 
Cycle""' CyclF Cycle thickness Cumulative Semi-restricted Restricted facies Inteitidal Supratidal 
number type (cm) thickness (cm) facies (cm) (cm) Facies (cm) facies (cm) 
1 A2 1437cm 1437cm 0cm 1437cm 0cm 0cm 
2 A l 595 2032 76 519 0 0 
3 A2 360 2392 0 360 0 0 
4 A2 482 2874 0 482 0 0 

















1 B4 55cm 55cm 0cm 46cm 0cm 9cm 
2 A l 80 135 52 28 0 0 
3 B3 80 215 75 0 0 5 
4 A l 88 303 19 69 0 0 
5 B3 120 423 106 6 0 8 
6 A l 61 484 34 27 0 0 
7 A l 177 661 36 141 0 0 
8 A l 51 712 40 11 0 0 
9 B3 157 869 136 18 0 3 
10 A2 80 949 0 80 0 0 
11 A l 245 1194 113 132 0 0 
12 B3 63 1257 24 0 0 39 
13 A2 177 1434 121 56 0 0 
14 B4 131 1565 0 118 0 13 
15 B4 35 1600 0 15 0 20 
16 A2 78 1678 0 78 0 0 
17 B4 56 1734 0 41 0 15 
18 A l 292 2026 161 131 0 0 
19 A l 50 2076 22 28 0 0 
20 A2 149 2225 0 149 0 0 
21 B4 48 2273 0 42 0 6 
22 A l 130 2403 70 60 0 0 
Oberrodi nghausen quarrv 












219cm 0cm 202cm 17cm 0cm 
2 A l 194 413 69 125 0 0 
3 A l 155 568 94 61 0 0 
4 A l 255 823 37 218 0 0 
5 A l 287 1110 41 246 0 0 
6 A l 286 1396 56 230 0 0 
7 A l 270 1666 63 207 0 0 
8 A l 145 1811 32 113 0 0 
9 A2 183 1994 0 183 0 0 
10 A2 202 2196 0 202 0 0 
11 A2 58 2255 0 58 0 0 
12 A2 545 2800 0 545 0 0 
13 A l 351 3151 287 64 0 0 
14 A l 372 3523 264 108 0 0 
15 A l (Gap 462cm) 4099 66 48 0 0 
Appendix 3 • 480 
Cycle thickness data 
114 
16 A3 324 4423 324 0 0 0 
17 A3 552 4975 552 0 0 0 
18 A3 86 
(306cm gap) 
5061 86 0 0 0 
19 A3 602 5969 602 0 0 0 
20 A l 129 6098 116 13 0 0 
21 A3 (2902cm gap) 
217 


















1 Cl 342cm 342cm 342cm 0cm 0cm Gem 
2 Cl 109 451 109 0 0 0 
3 A3 544 995 129 415 0 0 
4 B2 (lOgOcmgap) 
155 
2230 0 0 33 121 
5 B2 206 2436 0 0 59 147 
6 Bl 103 2539 0 30 0 73 
7 B2 71 2610 0 0 15 56 
8 B l 518 3128 0 317 179 22 
9 A2 587 3715 0 0 587 0 
10 B2 127 3842 0 0 64 63 
11 B2 189 4031 0 0 63 126 
12 B2 111 4142 0 0 86 25 
13 B2 215 4357 0 0 55 160 
igne qii 

















1 Bl 527cm 527cm 197cm 273cm 0cm 67cm 0cm 
2 A2 317 844 0 0 lis 42 0 
3 A l 123 967 0 83 40 0 0 
4 A2 79 1046 0 0 79 0 0 
5 A2 283 1329 0 0 283 0 0 
6 A2 122 1451 0 0 122 0 0 
7 A l 207 1658 0 22 185 0 0 
8 A2 (200cm gap) 
558 
2416 0 0 558 0 0 
9 A l 250 2666 0 55 195 0 0 
10 A2 724 3390 0 0 724 0 0 
11 A2 607 3997 0 0 607 0 0 
12 B4 248 4245 0 0 183 0 65 
13 A l 219 4464 0 72 147 0 0 
14 B3 102 4566 0 49 0 0 53 
15 B3 430 4996 0 61 354 0 15 
16 B4 270 5266 0 0 216 0 54 
17 B2 367 5633 0 0 347 20 0 
18 B4 130 5763 0 0 72 0 58 
19 B2 150 5913 0 0 120 30 0 
20 B3 754 6667 0 50 100 20 584 
21 B4 470 7137 0 0 185 0 285 
22 B4 172 7309 0 0 90 56 26 
23 Cl 336 7645 95 132 109 0 0 
24 Cl 206 7851 18 188 0 0 0 
25 Cl 305 8156 286 19 0 0 0 
26 Cl 233 8389 213 20 0 0 0 
27 Cl 85 8474 85 0 0 0 0 
28 Cl 114 8588 114 0 0 0 0 
Rydon q uarry 
Cycle Cycle Cycle thickness Cumulative Semi-restricted Restricted facies Intertidal Suptaridal 
facies (cm) number type (cm) thickness (cm) facies (cm) (cm) facies (cm) 
1 
I^X 
Al 222cm 222cm 
119cm 103cm 0cm 0cm 
2 B l 239 461 141 52 46 0 
3 A l 177 638 105 72 0 0 
4 A l 45 683 10 35 0 0 
Appendix 3 • 481 
Cycle thickness data 
5 A l 300 983 166 134 0 0 
6 A l 364 (Gap 398cm) 
1745 
200 164 0 0 
7 A2 155 1900 0 155 0 0 
8 B2 137 2037 0 81 56 0 
Schmithc •>{ quarry 
Cycle Cycle Cycle thickness Cumulative Semi-restricted Restricted facies Inteitidal Supratidal 
: number type (cm) thickness (cm) facies (cm) (cm) facies (cm) fades (cm) 
1 B4 268cm 268cm 24cm 148cm 0cm 96cm 
2 A l 106 374 22 84 0 0 
3 A l 212 (Gap 180cm) 
766 
102 110 0 0 
4 A l 266 1032 86 180 0 0 
5 B3 207 1239 123 22 0 62 
6 A l 381 1620 145 236 0 0 
7 A l 449 2069 0 449 0 0 
Sourd d' Ave sectio n 
Cycle Cycle Cycle thickness Cumulative Semi-restricted Restricted facies Inteitidal Supratidal 
: number type (cm) thickness (cm) facies (cm) (cm) facies (cm) fades (cm) 
1 A l 275cm 275cm 132cm 143cm 0cm 0 
2 A l 297 572 61 236 0 0 
3 A2 100 672 0 100 0 0 
4 B2 415 1087 0 376 39 0 
5 B4 295 1382 0 238 57 0 
6 B2 106 1488 0 106 0 0 
7 B l 203 (Gap 828cm) 
2519 
74 56 73 0 
8 B3 283 2802 124 113 0 46 
9 B2 307 3109 0 287 20 0 
Teerstra] 
Lower 







Cumulative Outer ramp Mid ramp facies Inner ramp Restricted 
thickness (cm) facies (cm) (cm) fades (cm) facies (cm) 
1 
iX. 
CI 238cm 238cm 68cm 170cm 0cm 0cm 
2 CI 84 322 32 52 0 0 
3 CI 384 706 201 183 0 0 
4 CI 97 803 37 60 0 0 
5 CI 424 1227 274 150 0 0 
Middle 
Cycle Cycle thickness Cumulative Semi-restricted R^tricted fades Inteitidal Supratidal 
number type (cm) thickness (cm) facies (cm) (cm) facies (cm) facies (cm) 
1 
iJLZ. 
Al 467cm 467cm 343cm 124cm 0cm 0cm 
2 Bl 390 857 221 117 52 
3 A l 352 1209 79 273 0 0 
4 A2 62 1271 0 62 0 0 








Cumulative Semi-restricted Restricted facies Intertidal Supratidal 
thickness (cm) facies (cm) (cm) facies (cm) facies (cm),^ 
1 Al 109cm 109cm 101cm 8cm 0cm 0cm 
2 Bl 137 246 88 0 49 0 
3 B2 141 387 0 106 35 0 
4 B4 24 411 0 17 7 0 
5 B4 46 457 0 10 29 7 
6 B4 123 580 0 73 39 11 
7 B2 232 812 0 141 91 0 
g B2 125 937 0 80 45 0 
9 B2 120 1057 0 60 60 0 
10 B2 118 1175 0 67 51 0 
Vaucell( ^ s quarry 













Appendix 3 • 482 
Cycle thickness data 
1 B3 919cm 919cm 96cm 764cm 0cm 59cm 
2 B4 37 956 0 29 0 8 
3 B4 25 981 0 14 0 11 
4 B4 38 1019 0 28 0 10 
5 A2 115 1134 0 115 0 0 
6 A l 149 1283 23 126 0 0 
7 B3 118 1401 17 76 0 25 
8 A2 103 1504 0 103 0 0 
9 A l 180 1684 65 115 0 0 
10 A l 280 1964 86 194 0 0 
Venweg£ ;n quarry 
Cycle Cycle Cycle thickness Cumulative Semi-restricted Restricted facies Inteitidal Supratidal 
number type (cm) thickness (cm) facies (cm) (cm) facies (cm) facies (cm) 
1 B3 86cm 86cm 18cm 8cm 0cm 60cm 
2 B4 57 143 0 48 0 9 
3 A2 157 300 0 157 0 0 
4 A2 89 389 0 89 0 0 
5 A l 62 451 43 19 0 0 
6 A2 20 471 0 20 0 0 
7 B4 34 505 0 26 0 8 
8 B4 134 639 0 102 0 32 
9 A l 32 671 8 24 0 0 
10 B4 196 (Gap 140cm) 
1007 
0 174 0 22 
11 B3 121 1128 0 117 0 4 
VoBbeck Cycle Thi ckness Table 
Cycle • Cycle'"" Cycle ihkkiv.".'' Cumulative Semi restricted Restricted facies Intenidal Supratidal 
number type (cm) thickness (cm) facies (cm) (cm) facies (cm) facies (cm) 
1 A2 809cm 809cm 0cm 809cm 0cm 0cm 
2 B l (Gap 504cm) 
478 
1791 29 433 0 0 
3 A l 449 2240 273 176 16 0 
4 B l 570 2810 314 190 0 0 
5 A l (Gap 297cm) 
923 
4030 502 421 66 0 
6 A l 280 4310 30 250 0 0 
7 A2 (Gap 400cm) 
280 
4990 0 280 0 0 
8 A2 89 5079 0 89 0 0 
9 A2 67 5146 0 67 0 0 
Walhein 1 Section 1 
Cycle Cycle Cycle thickness Cumulative Semi-restricted Restricted facies Intertidal 
facies (cm) 
Suptatidal 
facies (cm) number type (cm) thickness (cm) facies (cm) (cm) 
1 B3 235 235 203 8 0 24 
2 V3 273 508 249 0 0 24 
3 V4 77 585 0 60 0 17 
4 B3 127 712 48 69 0 10 
5 A l 140 852 19 121 0 0 
6 B3 257 (Gap 338cm) 
1447 
164 79 14 0 
7 A l 86 1533 13 73 0 0 
Walhein 1 Section 2 
Cycle Cycle ('\> K' ihicknc'ss Cumulative Semi-restricted Restricted ftHBte Intertidal Supratidal 
number type (cm) thickness (cm) facies (cm) ( c m l i H Hfecies (cm) facies (cm) 
1 
••JV 
A l 580 580 240 340 0 0 
2 B3 499 1079 417 112 21 0 
3 B3 130 1209 25 96 0 6 
4 B2 330 1539 0 292 38 0 
5 A l 250 1789 73 177 0 0 
6 B3 312 2101 88 179 0 45 
7 B2 266 2367 0 250 16 0 
8 A l 86 2453 26 60 0 0 
9 B l 176 2629 15 123 38 0 
10 A l 186 2815 84 102 0 0 
Appendix 3 • 483 
Cycle thickness data 
11 B l 271 3086 59 193 19 0 
12 B4 68 3154 45 0 0 23 
13 A l 381 3535 32 349 0 0 
14 Bl 253 3788 203 7 43 0 
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